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N A previous paper from this laboratory (1) it was reported that young 

rats receiving a modified stock ration plus manganese at high levels 
grew less rapidly than did similar animals which received the regular stock 
ration without manganese additions. No definite conclusions could be 
drawn from these results because, besides manganese, another variable 
was inadvertently introduced into the ration. For the purpose of better 
controlling the intake of added manganese the milk which had been fed ad 
libitum to the control group had been replaced in the case of the manganese- 
fed animals by an approximately equivalent amount of milk powder. That 
the slower growth was due to a less suitable source of milk solids rather 
than to a toxic effect of manganese was indicated by the continued growth 
of the manganese-fed animals until at the end of 6 months their weights 
were almost equal to those of the controls. Some additional evidence that 
manganese was non-toxic at the level fed was furnished by the good growth 
obtained in some preliminary experiments with a ration containing liquid 
milk and added manganese. 

That the ingestion of large amounts of manganese was responsible for 
this inhibition of growth was suggested by earlier reports from other 
laboratories. Richet, Gardner, and Goodbody (2) found that manganese 
decreased growth if given to dogs at the rate of 1 gm. per day, whereas it 
exerted a beneficial effect when given every third or fourth day. McCar- 
rison (3), working with rats, found that growth was less rapid after the 
thirty-second day if 0.56 mg. of manganese as MnO, was included in the 
animal’s ration. Nelson, Evvard, and Sewell (4) reported a less efficient 
utilization of the ingested food as well as a slower rate of growth by rats 
on a ration containing 600 p.p.m. of MnSO,-4H;0 than upon the unsup- 
plemented ration. 

* Published with the permission of the Director of the Wisconsin Agricultural Experiment 
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In view of these somewhat confused and conflicting results it appeared 
desirable that a further study should be made of the effect of a high intake 
of manganese. 

EXPERIMENTAL 

The investigation may be divided conveniently into two parts 1.—ex- 
periments dealing with the pre-weaning period, when the effect upon the 
growth of the young is exerted indirectly, i.e., through the mother, and 
2.—experiments covering the post-weaning period, when the effect is ex- 
erted directly upon the young. 

The basal ration used throughout this investigation was that previ- 
ously described by Waddell and Steenbock (5) and contained 13.4 mg. of 
manganese per kilo. 

Effect of Manganese Prior to Weaning. In this study growth records were 
obtained on a number of animals from mothers receiving the stock ration 
with and without manganese additions. For controls six virgin females 
and one male were placed in a cage provided with shavings and fed the 
ration previously mentioned plus milk ad libitum. Another group of eight 
females and two males placed in two cages received the basal ration plus 
10 mg. per animal daily of manganese as MnSO,-4H,0. This large quan- 
tity of manganese, which is double that fed in the earlier experiments, was 
chosen with the intent to magnify any injurious effects that might come 
from the ingestion of this element. 

Difficulty was immediately encountered in that the females of both 
groups showed a marked inability to rear their litters to normal size at 
weaning age. Moreover, an unusually high percentage of the young died. 
Since a similar trouble in the stock colony had been partially eliminated 
by feeding yeast, the ration of each group was modified by replacing a 
portion of it, three per cent, with brewers’ dried yeast or its equivalent 
in fresh yeast. Although by these means the difficulty was largely removed, 
at no time during the experiment was growth in either group consistently 
equal to that ordinarily obtained on the stock ration. However, since the 
controls and manganese-fed animals were grown simultaneously, the re- 
sults probably are as significant as those which would have been obtained 
under normal conditions. 

Prior to parturition the females were placed in individual wire cages 
provided with shavings where they were kept until the young were weaned. 
In order that the young might have a proper chance for nourishment, the 
number was reduced to six per litter on the seventh day. Weights were 
obtained at birth and on the seventh, fourteenth, and twenty-first days 
thereafter. Although observations were made daily between the ages of 
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8 and 21 days, the data for convenience have been tabulated into three 
periods of seven days each, 1 to 7, 8 to 14, and 15 to 21 days, respectively. 

Since one female in the manganese group failed to breed, the data on 
animals prior to weaning represent the performance of the young from six 
females in the control group and seven females in the group receiving 
manganese. 

In Table I it will be observed that the young in the control group 
averaged 5.5 gm. at birth whereas the young from females receiving 
manganese weighed 5.8 gm. This lower weight in the former group was 
probably due to greater numbers of young per litter, the average being 
8.4 as compared with 7.8 in each litter of the manganese group. In ad- 
dition to those living at birth there were three animals in the control group 
and five in the manganese group which were born dead. None of these 
slight differences indicates a prenatal effect due to manganese. 

During the first 7 days of life the group receiving manganese suffered 
less than half as many deaths, proportionately, as did the controls, 19.5 
per cent as compared with 45.5 per cent. In the second period, however, 
the loss in this group was 60 per cent greater than in the control group. 
These marked differences were, to a great extent, due to the high death 
rates in the litters from two females, one in each group. Whereas the 
female belonging to the controls lost two of her three litters during the 
first period, the one in the manganese group lost the same number from 
as many litters during the second period. The differences in growth of the 
two groups during these two periods were quite small and are insignifi- 
cant, if the number of animals per litter at the end of the periods be con- 
sidered. 

Although no deaths occurred in either group during the third period, the 
young reared by mothers receiving additional manganese attained a 
weight of 40.4 gm. by the twenty-first day as compared with an average 
of 37.0 gm. for the controls. This 9 per cent increase in weight together 
with a lower death rate during the first 7 days of life may not be signifi- 
cant, but at least these data prove quite conclusively that manganese in 
relatively high concentrations does not prevent female rats from nourish- 
ing their young properly. Hence the greater death rate and slower growth 
of animals which were noted in our previous work (1) must have been due 
to differences in the source of milk solids rather than to differences in 
manganese intake. 

Effect of Manganese from Weaning Age to Maturity. For this experi- 
ment twenty male and twenty female rats were selected from nine litters 
of young, 23 to 26 days of age, and divided into two groups containing 
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equal numbers of both sexes. An effort was made to distribute the animals 
of a given litter so as to equalize weights and hemoglobin values. 

Males and females of each group were placed in separate wire cages and 
provided with shavings. The stock ration previously mentioned was sup- 
plied in such amounts that consumption was barely exceeded and whole 
milk was provided ad libitum. No attempt was made to learn the amount 
of milk consumed. The consumption records for the dry ration, however, 
are fairly reliable since tin covers were placed over the feed jars to prevent 
wastage. 

In addition to the stock ration and milk the males and females in one 
group received 2 mg. per animal daily of manganese as MnSO,:4H,0 for 
the first 7 weeks and 10 mg. per day thereafter for 5 weeks, at the end of 
which time the experiment was terminated. These levels, which were 
twice as high as those fed in our earlier work (1), were expected to demon- 
strate more speedily and effectively any deleterious effects which might be 
due to the ingestion of large amounts of the element, manganese. 

As shown in Table II, at the end of the first 7 weeks the average weight 
of the males receiving the additional manganese was 261 gm. as compared 
with 255 gm. for the controls. On the other hand, the females receiving 
manganese had not done so well, as was indicated by an average weight 
13.4 gm. less than that of the females in the control group. During the re- 
maining 5 weeks these differences were almost completely eliminated. 
Only 0.2 gm. difference in the average weight of the males in the two 
groups was found at the conclusion of the experiment, while the females 
in the manganese fed group averaged only 3 gm. smaller than those in 
the control group. Obviously the manganese intake had exerted no re- 
tarding effect upon growth. 

Apparently there was little if any difference between the two groups in 
the efficiency with which the food was utilized, as is indicated by the aver- 
age daily consumption shown in the last column of Table II. If these be 
considered as representing the daily food intakes—although some wastage 
unavoidably occurred—the manganese group consumed only 3 per cent 
more ration than did the control group. Thus growth and utilization of 
food were practically unaltered even though the manganese intakes were 
increased 31 and 48 times for males and females respectively. 

Obviously these rats were fed much larger amounts of manganese than 
McCarrison (3) found necessary to retard growth. In order that the man- 
ganese intake could be accurately compared with that of the animals fed 
by Nelson, Evvard, and Sewell (4), the total amount of manganese added 
over the entire period has been calculated in terms of parts per million of 
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dry ration consumed. On this basis the males in the manganese group 
received, in addition to that occurring naturally in the ration, 1607 p.p.m. 
of MnSO,-4H.0 and the females received 2465 p.p.m., the average for 
both sexes being approximately 2000 p.p.m. This is more than‘three times 
as high as the level at which Nelson and his associates fed, their animals. 

Hemoglobin determinations were made at the beginning of the experi- 
ment, at the end of 7 weeks, and at the termination of the experiment. The 
data obtained have not been detailed in a table since the experiment was 
designed for a study of the effect of manganese on growth and the results 
were of secondary interest to us. However, no appreciable differences were 
found which could be attributed to an effect of the added manganese upon 
either males or females. To illustrate, at the beginning the hemoglobin 
values for the males in the control group varied from 7.10 to 10.36 and 
averaged 8.7 gm. per hundred cc., while in the manganese group the limits 
were 6.06 and 10.94 with an average of 7.88 gm. per hundred cc. At the 
end of the experiment the values for the two groups were: 1.—controls— 
limits 13.49 to 17.05, average 15.30; 2.—manganese-fed—limits 13.20 to 
17.05; average 15.85 gm. per hundred cc. 


SUMMARY 


Female rats which received 10 mg. of manganese per day above that 
in a stock ration (13.4 mg. per kilo) were as successful in rearing their 
young as females receiving the stock ration only. 

The addition of MnSO,-4H,O0 equivalent to 2000 parts per million of 
ration did not retard the growth of rats over a period of 12 weeks im- 
mediately following weaning. 

Therefore, the slower growth of rats on a modified ration containing 
added manganese, which was reported in a previous publication (1), was 
not due to toxicity of this element but to a less suitable source of milk 
solids. Since under different conditions high levels of manganese may re- 
tard growth, no attempt is made to explain the contrary results of others 
by the data presented in this paper. 

The author wishes to express his thanks to Professors H. Steenbock and 
W. H. Peterson for their valuable suggestions. 
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INTRODUCTION 


N THE effort to find satisfactory explanation for the low basal metabo- 

lism of “normal” women in Oklahoma (Coons, 3), the author pointed 
out that a comparison of the rates for selected groups indicated that nutri- 
tion, in addition to climate, might be a contributing factor. Quantitative 
dietary studies in conjunction with basal metabolism observations might 
be expected to throw some light on the problem. The analyses of the 
self-chosen diets of 18 individuals and of the experimental diets of two 
others are presented in this paper and discussed in relation to the basal 
metabolic rates. 

LITERATURE 


Evidence has been accumulating to show definite marked differences 
in the basal metabolic rates of southern women as compared to those in the 
northern part of the United States. Women at Wellesley (Gustafson, 5), 
Columbia University (MacLeod, 7), and in Ohio (McKay, 8) are reported 
to have basal metabolic rates averaging 5 to 8 per cent below the Aub- 
DuBois standards, while very recently some in South Carolina (Reming- 
ton, 9) and Florida (Tilt, 10) were found to average —10.4 and —10.6 re- 
spectively. 

In the Oklahoma studies women 17 to 20 years of age had rates averag- 
ing around —14, Aub-DuBois, and those 20-29 years around —12, or an 
average of — 13.2 for all ages observed. Oklahoma has a climate less tropi- 
cal than Florida, or even South Carolina, so that climate alone probably 
is not responsible for all of the lower rate. 

The protein intake of students, chiefly men, from different sections of 
the United States has been found to be without great difference. Young- 
burg (12) reported for 12 individuals at Buffalo an average urinary nitro- 
gen of 11.3 grams, equivalent to 76.6 grams protein intake per 24 hours for 
70 kilo. men; Brooks (1) an average of 10.34 grams, 71.3 grams protein 
intake, for 192 male students in North Carolina; and Denis (4) 10.63 


* Published with the permission of the Director of the Agricultural Experiment Station, Okla- 
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grams nitrogen, 73.8 gram protein intake for 233 male students in New 
Orleans. 

Wakeman and Hansen (11) have shown that the basal metabolic rate 
is lowered appreciably only after prolonged subsistence on vegetarian diets. 

Lusk (6) points out that Loewy and Zuntz, who experienced drastic 
reduction of diet during the war, both had a greater decrease in metabo- 
lism than in weight. Benedict’s young men on a semi-starvation diet lost 
less than 10 per cent of their weight, but at the same time showed a 16-27 
per cent lowering of their basal metabolism. 

Recent information on the dietary habits of college women alone is 
limited. Some of the studies available are summarized in Table I, along 
with part of the data presented in this paper. 

TABLE I 
Foop CONSUMPTION OF COLLEGE WOMEN 








No. 





Chicago University* 1894 Inventory 

Wesleyan University* 1894 Inventory—10 days 

North Dakota Agr. College* 1896 Inventory 

Lake Erie College* 1900 Inventory 

Vassar* 1917 Inventory—14 days 

Univ: of Chicago** (underwt.) | 1922 | 18 | Individual—computed 

Amest 1928 8 Individual—computed. 27 days 
Wang, Chicagot 1929 6 | Individual—analyzed 14 days 
Oklahoma University$ 1930 | 20 | Individual—computed 

This Study 1930 | 17 | Individual—analyzed 




















* Cited by—MacLeod and Griggs. Jour. Home Econ., 1918, 10, 97. 
** Blunt and Bauer. Jour. Home Econ., 1922, 14, 226. 

t Searle and Arnold. Jour. Home Econ., 1928, 20, 84. 

t Wang, et al. This Journal, 1930, 3, 79. 

§ Burton, Okla. Acad. Sci., 1931 Proceedings. 


It will be observed from the table that either the methods used by 
earlier workers were grossly in error, or else the present tendency is strongly 
in the direction of habitually lower food consumption among college 
women. It is significant that both groups of Oklahoma women had diets 
very similar in caloric and protein content to those of the underweight 
group of Blunt and Bauer at Chicago. The Oklahoma women consumed 19 
per cent less calories and nearly 10 per cent less protein than did the Ames 


group. 
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METHODS 


Eighteen normal! college women, mostly upper classmen, served as sub- 
jects. Each dietary study consisted of two or more observation periods 
of the usual self-chosen diet. In ten cases the periods were non-consecutive 
and only four days in length. In eight cases the periods were consecutive 
and 7 days each in duration. Seventeen of the women were native Oklaho- 
mans. 

Food was weighed and sampled as eaten and the samples were pooled 
into a composite representing one-tenth of the total food intake for the 
period. The details of these methods have been previously described 
(Coons, 2). 

For determination of total calories the oxycalorimeter was employed. 
For total nitrogen the Kjeldahl procedure was used, for calcium the 
McCrudden method with hydrogen ion controlled, and for phosphorus the 
gravimetric method of Neumann. 

Basal metabolism tests were given preceding the dietary study. The 
technic and apparatus were the same as those used in previous studies here. 


RESULTS AND DISCUSSION 


The relation between basal metabolism and caloric intake is shown in 
Table II. The cases have been arranged in descending order of body 
weight. The underweight individuals predominate in number. Somewhat 
exaggerated figures are obtained when the caloric intake is compared to the 
actual basal metabolism because the latter is low and depressed varying 
degrees in different subjects. Blunt and Bauer’s underweight girls averaged 
only 519 calories in excess of their basal heat production, which, however, 
was normal. The caloric intake of the women observed in this study aver- 
aged 67 per cent in excess of the actual basal metabolism, but only 50 per 
cent, 635 calories, in excess of the Harris-Benedict prediction. 

The calories per kilo. on a basis of “ideal’’ weight afford a more common 
ground for comparison. Thus the intake ranged from 29 to 40 calories per 
kilo. with an average of 35, whereas on the basis of actual weight the 
average is 38. Blunt’s underweight group averaged 38 calories per kilo., 
while Wang’s women on the self-chosen diets averaged only 35 calories per 
kilo. of actual weight. With respect to calories, then, these Oklahoma wom- 
en were receiving diets barely within the lower levels of adequacy. 

The protein, however, was less adequate in quantity as well as quality, 
Table III. On an average they consumed 1.1 grams per kilo. of actual 
weight, or slightly less than 1.0 grams on a basis of ideal weight. The 
protein furnished 11 per cent of the total calories. The lowest protein in- 
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Taste IT 
BASAL METABOLISM IN RELATION TO CALORIC INTAKE 











Basal Metabolism Daily Intake—Calories 





Subject . ° Weight Deviation Cal 
_~. . per Excess 
deviation DuBois | 24 hrs. Total dined Per kilo, 





per cent | per cent 
+32 —4 1388 
+22 —13 1407 
+7 —24 1112 
— 6 —17 1230 
—-7 —16 1243 
— 8 —18 1075 
- 9 —4 1254 
—11 —16 1108 
—13 —13 1248 
0 1267 
—14 -7 1277 
—16 -9 1215 
—22 —15 1151 
—10 1189 
—26 — 8 1050 
—27 —18 996 2009 
—14 1079 2066 


oCOnau Fr SH 


- 9 —12 1193 1990 796 





























take tended to be associated with the greatest degree of underweight, in- 
dicating that low protein consumption may be a causal factor in the under- 
nutrition of these women. 

Subjects with high basal metabolism did not seem to be living on diets 
any higher in protein or calories than those with lowest rates. The half of 
the group with the lowest rates had an average intake of 39.4 calories and 
1.12 grams of protein per kilo. of actual weight, the half with highest rates, 
38.1 calories and 1.02 grams of protein per kilo. 

However, the group consists of too few widely different individuals to 
permit a conclusion on this point. Since our observation of large numbers 
in the basal metabolism studies has shown a relation between weight status 
and the rate of metabolism, and since the underweight women tend to 
have less adequate diets, perhaps a study of the diets of larger numbers 
would reveal a closer relation between basal metabolism and habitual 
food consumption. On the other hand, it is believed from the low basal 
metabolic rates and from these diet studies, that many “average” weight 
women in our groups were suffering from a subnormal nutrition which 











Sept., 1932 CC. M. COONS AND A. T. SCHIEFELBUSCH 





TABLE III 
Darty INTAKE OF PROTEIN, CALCIUM, AND PHOSPHORUS 








Protein 





Subject Calories Per kilo. Calcium Phosphorus 


from protein} actual wt. 





E 


gm. per cent 
50 
71 
58 
61 
63 
59 
49 
63 
59 
63 
41 
44 
56 
51 
50 
49 
71 


ag 
3 

won Oo Ws BY 
Sepsasagy 


conan ft WOH 
a 


ooroocorrOorro 


> Ue 7 
ona So 
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em Oooo 
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1.55 








0.93 


— 
— 
Oo 
=] 
~I 


56 

















was not manifest in extreme weight variations, but, like that in Benedict’s 
diet squads, was sufficient to depress the basal metabolism sharply. If so, 
the gap of differences in the food consumption of the under- and average 
weight women might be actually less than one would expect to find. 

The most underweight subjects tended to have the lowest mineral in- 
take, also Table III. Ten of the 17 subjects had less than one gram of 
calcium daily, three had only about one-half gram, and the average for 
all was also less than one gram daily. The phosphorus intake was low, 
nearly one-third of the group receiving less than one gram daily. The data 
for calcium and phosphorus are presented because, in connection with 
nitrogen, they describe the dietary more accurately. A diet low in both 
calcium and phosphorus cannot contain appreciable quantities of milk and 
eggs. If low in nitrogen, also, meat is probably lacking. In other words, the 
quality of the protein consumed is even more deficient than the quantity. 
The diet lists show that meat and eggs were chosen seldom, milk by only a 
few (cases 3, 5, 10, 16, and 17). 

Aside from the fact that the diets on the whole possess a low degree 








464 DIETS AND BASAL METABOLISM Vol. 5, No. 5 





of adequacy, it is doubtful if dietary studies of even one week’s duration, 
except when made under actual home conditions, can depict the food 
habits of 15 or more years past. Boarding house or club diets have been 
observed in most of these cases, but past home diets have had the effect 
on basal metabolism. For example, there was cause to believe that the 
diets as measured and analyzed for Cases 3 and 10 were considerably 
better than those commonly received by these subjects. Wakeman and 
Hansen (11) have shown clearly the need for considering food habits that 
are of long standing. 

The authors wish to call attention, on the other hand, to the diet of 
Case 11 in this series. It represents the house diet of a sorority, and among 
this group in the course of a year there was discovered one case of pellagra, 
two cases of tuberculosis, and a number of cases of marked undernutrition. 
Girls content to live on such a diet doubtless were unaccustomed to home 
diets which differed greatly. 

Deficiences of the above diets seem more apparent when compared to 
those of three other women given in Table IV. Case 18, a northern woman 


Tasie IV 
CaLoric REQUIREMENTS FOR MAINTAINING WEIGHT* 








B. M. R. Calories 





Dev. Per lExcess of basal : from 


DuBois kilo - | protein 





per cent) per cent gm. | gm. |per cent 
18} 53.1 —10 — 8.5 1282 | 3080; 58 1798 77 1. 10.0 
19 | 58.9 -7 —15.9 1243 | 2565 | 44 1322 74 zi 11.5 
20 | 57.6 0 —18.1 1141 1953 | 34 812 59 1. 12.1 






































* The authors are indebted to Dr. Ruth Reder for a part of the data used in this table. 


who had been in Oklahoma only 3 months, was 13 pounds underweight at 
the time but had been and continued gaining at the rate of about one 
pound a week. Unfortunately, a basal metabolism test was not secured 
until some 8 months after the diet study. The rate was then —8.5 (DuBois) 
and the subject was retaining her added weight but was not gaining more. 

For Cases 19 and 20 the data represent a constant diet which had been 
followed, with an intermission of one week, over a period of 42 days. 
In the early part of the study slight adjustment in calories and protein 
had been made until the subjects maintained their constant weight. The 
women continued their laboratory duties, which differed somewhat for 
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the two subjects but were routinely the same. All social activity was cur- 
tailed, and rest at night was constant and satisfactory in amount. In these 
two respects their activity differed from that of the average college woman. 

The weight of Case 19 has varied only slightly over a period of 10 years, 
but Case 20 ordinarily finds difficulty in preventing obesity. The basal 
metabolism of the two showed practically the same deviation from the 
DuBois predictions. Case 19 represented in height and weight more nearly 
the average Oklahoma college woman. She was the same subject as Case 5 
in the first series. 

The facts from this part of the study indicate that 2000 to 2500 calories 
daily, or at least 1000 calories in excess of basal metabolism, is a desirable 
intake for average women of this age and activity. However, more will 
be needed if weight is to be added or the basal metabolic rate is to be 
raised. 

Summary 


There is evidence that the habitual food consumption of present day 
college women is lower than it was a generation ago, and is lower among 
Oklahoma women than among those reported for other sections of the 
United States. 


The protein of the diets analyzed was more deficient than was the 
calorie content. 

The probable relation of these sub-adequate diets to the low basal 
metabolic rates, previously recorded for the college women of Oklahoma, 
is discussed, with the tentative conclusion that prolonged undernutrition 
is one factor in many of the cases of lower metabolism. 


BIBLIOGRAPHY 

. Brooks, F. P., Amer. Jour. Physiol., 1929, 89, 403. 
. Coons, C. M., Jour. Amer. Diet. Assoc., 1930, 6, 111. 
. Coons, C. M., Amer. Jour. Physiol., 1931, 98, 692, 698. 
. Denis, W.,and Borgstrom, P., Jour. Biol. Chem., 1924, 61, 109. 
. Gustafson, F. L., and Benedict, F. G., Amer. Jour. Physiol., 1928, 86, 43. 
. Lusk, G., Physiol. Rev., 1921, 1, 523. 
. MacLeod, G., and Rose, M.S., Amer. Jour. Physiol., 1925, 72, 236. 
. McKay, H., Ohio Agric. Exp. Sta. Bull. 1930. No. 465. 
. Remington, R.E., and Culp, F. B., Arch. Int. Med., 1931, 47, 366. 
. Tilt, J., Jour. Biol. Chem., 1930, 86, 635. 
. Wakeham, G., and Hansen, L. O., Science, 1931, 74, 70, also Jour. Biol. Chem. 1932, 97, 155. 
. Youngburg, G. E., and Finch, M. W., Jour. Biol. Chem., 1926, 68, 335. 

Addendum—The excellent paper by Hetler, R. A., This Journal, 1932, 5, 69, has appeared 
since our manuscript went to press. 


on OU SF wh 























ag 5g 


THE EFFECT OF FEEDING IRRADIATED ERGOSTEROL 
TO COWS ON THE VITAMIN D CONTENT 
OF MILK}* 


By 
W. E. Krauss, R. M. BETHKE, AND C. F. MONROE 


(From the Departments of Dairy Industry and Animal Industry, 
Ohio Agricultural Experiment Station, Wooster) 
Received for Publication—December 17, 1931 


HAT milk produced under ordinary feeding conditionsis a poor source 

of vitamin D has been demonstrated, directly or indirectly, by nu- 
merous investigators. In our own laboratory this fact became impressed 
upon us while comparing the vitamin D potency of milk from two groups 
of cows fed widely different rations. In this work at least 23 cc. of milk were 
required daily for practically normal calcification in rats fed a rickets-pro- 
ducing ration. On this basis the prevalent incidence of rickets in children 
could be readily understood, and the problem of producing milk containing 
a sufficient amount of vitamin D to have therapeutic value immediately 
suggested itself. Since milk is the principal food of infants, it would seem 
logical to attempt to have such milk as potent as possible in the antirachitic 
factor. Our ideal has been to devise a method of producing milk which, 
when taken in the usual quantities, would provide a sufficient amount of 
all the necessary nutrients to meet the infant’s requirements. This report 
covers the work done on increasing the vitamin D content of cow’s milk 
through the feeding of irradiated ergosterol. 

Various methods have been used to increase the vitamin D content of 
cow’s milk. Different methods of feeding the cow have been tried, assum- 
ing, as indicated by the work of McCollum, Simmonds, Becker, and Ship- 
ley (1) with rats, that it was possible for vitamin D to enter the blood 
stream and pass into the milk. On the whole, the use of natural feeds for 
increasing the vitamin D content of milk has been quite unsuccessful and 
the results obtained are conflicting. It is generally agreed that milk from 
pasture-fed cows is richer in vitamin D than milk from stall-fed cows (2, 3, 
4); but whether the grass itself or the degree of insolation of the cow is re- 
sponsible has not been definitely shown. Nor is the increase in vitamin D, re- 
sulting from such feeding, of sufficient magnitude to be of great significance. 

Irradiation of the cow has been tried in an attempt to increase the vita- 









t A brief report of this investigation was presented before the American Society of Biological 


Chemists at Montreal, Canada, April, 1931. 
* Published with the permission of the Director of the Ohio Agricultural Experiment Station. 
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min D content of milk, but the results of this type of experiment are very 
conflicting. Gowen, Murray, Gooch, and Ames (5) succeeded in curing 
rickets in chicks by feeding milk from cows that had been exposed daily 
for 15 to 30 minutes to ultra-violet light ; while chicks fed milk from control 
cows became progressively more rachitic. Falkenheim, Véltz, and Kirsh 
(6) showed that milk from cows exposed to light from a quartz-mercury 
vapor lamp had definite antirachitic power; whereas that from cows not 
exposed had practically none. On the other hand, Steenbock, Hart, Rising, 
Hoppert, and Basherov (7) were unable to increase appreciably the anti- 
rachitic potency of milk by irradiation of the cow. 

Direct irradiation of milk or butterfat has been shown by numerous 
investigators to increase the vitamin D content to such an extent that 
milk or fat so treated has definite therapeutic value in the treatment of 
rickets (8, 9, 10, 11, 12, 13, 14, 15, 16). The objections first raised to this 
method of treating milk—namely, that vitamin A was destroyed and a 
bad flavor was imparted to the product—are now being overcome by im- 
proved methods for carrying out the irradiation process (17). 

Still another line of attack followed in this problem consisted of feeding 
vitamin D concentrates. As early as 1924 Lesne and Vagliano (18) had 
succeeded in increasing the vitamin D content of milk by feeding cod 
liver oil to cows. This was later confirmed by Golding, Soames, and Zilva 
(19) who in turn confirmed the previous observation of Drummond, Chan- 
non, Coward, Golding, Mackintosh, and Zilva (20) that relatively high 
doses of cod liver oil depressed the fat percentage of cow’s milk. A similar 
observation was made by the Wisconsin workers (21). A satisfactory 
method for increasing the vitamin D content of milk without affecting the 
fat content consists of feeding cows irradiated yeast, as shown by Wachdel 
(22) and by Steenbock, Hart, Hanning, and Humphrey (23). Thomas and 
Mac Leod (24) have shown that the feeding of irradiated yeast or irradi- 
ated ergosterol to cows increased the vitamin D content of milk, and Hess, 
Lewis, Mac Leod, and Thomas (25) have shown that these milks have 
therapeutic value in the treatment of rickets in infants. 

The discovery of irradiated ergosterol as the most potent known source 
of vitamin D, together with a knowledge of the experience of others in 
attempting to increase the antirachitic potency of milk, led to the adoption 
of this product as the source of vitamin D in the work here reported. 


EXPERIMENTAL 


As a preliminary trial, during different periods, a Jersey cow was fed, 
mixed with her grain allowance, 5, 10, 25, and 100 mg. of irradiated ergos- 
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terol in corn oil daily. In this preliminary work the ergosterol used was 
not re-assayed in our own laboratories, but the evaluation given by the 
manufacturer! was used in calculating the number of rat units fed. On this 
basis, the amounts of ergosterol mentioned above contained 6,500, 13,000, 
32,500, and 130,000 Steenbock rat units, respectively. Use of the standard 
prophylactic (bone-ash) and curative (line-test) procedures of assaying for 
vitamin D revealed that the antirachitic value of the butterfat produced by 
this cow was not appreciably increased when 5 mg. or 10 mg. of ergosterol 
were fed. However, at the 25 mg. level there was a slight indication that 
the antirachitic potency of the butterfat had been increased; whereas at 
the 100 mg. level the resulting increase in vitamin D was very marked. 

These observations warranted further work with more animals. Conse- 
quently, three Holstein cows, in approximately the same stage of lactation 
and producing about the same amount of milk, were selected (Table I). 
Because one of these cows had to be removed from the herd shortly after 
the beginning of the experiment, the data contained in this paper are based 
upon the fat production of two cows. 


TABLE I 
Data ON Cows WHEN STARTED ON EXPERIMENT 








No. Breed 


last calving lactation gestation production 


Date of | Stage of State of Daily milk 





236 Holstein Jan. 18, 1930 73rd day Not pregnant 35 lb. 
285 Holstein Jan. 4, 1930 87th day Not pregnant 35 Ib. 








The cows were kept under winter feeding conditions throughout, except 
for a short period each day when they were allowed in a courtyard free 
from vegetation in order to obtain water and exercise. The daily ration 
consisted of alfalfa hay of fair quality, corn silage, corn, oats, bran, and 
linseed oil meal. At the beginning of the trial sufficient hay was set aside to 
last throughout the experiment. 

In order to measure the full effect of any feeding program, it was as- 
sumed that a period of at least three weeks must elapse; therefore, the 
periods indicated in Table II are of approximately three weeks’ duration. 

Periods 1, 4, and 7 were controls, during which time 50 cc. of corn oil? 
were fed in order to equalize the additional fat intake necessitated during 
the ergosterol periods. In periods 2 and 3, ergosterol furnished by the 


1 Standard Brands Incorporated. 
* Mazola. 
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TABLe II 
EXPERIMENTAL FEEDING PLAN 











Rat units of 


Period No. Feeding period Supplement fed daily Vitamin D fed 
Daily* 





April 1-24 50 cc. corn oil 
(24 days) 





Apr. 25-May 15 25 cc. ergosterol solution 
(21 days) 25 cc. corn oil 





May 16-June 5 50 cc. ergosterol solution 
(21 days) 





June 6-July 10 . corn oil 
(35 days) 





July 11-July 31 10 cc. ergosterol solution 
(21 days) 40 cc. corn oil 





Aug. 1—Aug. 26 20 cc. ergosterol solution 
(26 days) 30 cc. corn oil 





Aug. 27-Sept. 26 50 cc. corn oil 
(31 days) 














* Each sample of ergosterol was re-assayed for vitamin D in our own laboratories and the 
potency expressed in terms of the Steenbock rat unit. This system of expressing vitamin D po- 
tency is used throughout the paper. 


Acetol Products Corporation® was used; in periods 5 and 6 the ergosterol 
was a product furnished by Standard Brands, Inc.’ The pure corn oil or 
the ergosterol-corn oil mixture was mixed with the daily grain allowance 
of each cow. 

During the last five days of each period the total amount of milk pro- 
duced by both cows was collected and combined. This was then separated 
and the cream churned. The resulting butter was then rendered into pure 
fat by melting at the lowest possible temperature, washing with hot water, 
and filtering through funnels enclosed in a cabinet warmed with carbon 
filament electric light bulbs. The resulting fat was then placed in Mason 
jars and stored in a cooler slightly above freezing temperature until used. 

A small portion of each sample of fat was taken from the original sam- 
ples daily and melted in a beaker over a low flame. The required amount 


* The authors are indebted to the Acetol Products Corporation, New Brunswick, N. J. and 
Standard Brands, Inc., New York City, for furnishing the ergosterol solutions. 











Sept., 1932 W. E. KRAUSS, R. M. BETHKE, AND C. F. MONROE 471 





was dropped out of a calibrated eye dropper into a small glass dish which 
was then placed in the designated cage. 

The rats were of our own breeding. In the curative (line-test) procedure 
they were weaned when they weighed approximately 50 to 55 grams (24 
to 26 days of age) and placed by litters in wire cages with screen bottoms in 
which they had free access to Steenbock and Black’s rickets-producing 
ration (24).4 At the end of three weeks the rats were examined for rickets 
and, if suitable, were transferred to individual cages and distributed in 
such a way that a representative of each litter was in each group, as far as 
possible. The criteria used for determining the incidence of rickets were 
enlargement of the wrists and depression of the thoracic region. Gain in 
weight proved to be a reliable index of the development of rickets on this 
ration. Animals gaining less than 15 to 20 grams usually did not exhibit 
the external symptoms of rickets and were discarded. During the butterfat 
feeding period, careful record of feed consumption was kept. 

At the end of 10 days the rats were etherized and then killed by severing 
the jugulars and carotids. The blood from each rat was analyzed for in- 
organic phosphorus but, since the results obtained were of no particular 
significance and for the sake of brevity, they have been omitted. The radii 
and ulnae were removed, preserved in 10 per cent formalin, and subse- 


quently examined for degree of calcification by the silver-nitrate method. 
The results, in part, are recorded in Table ITI. 


TaBLe III 


THE Critical AMOUNT OF BUTTERFAT REQUIRED, Datty, To Propuce DEFINITE 
EVIDENCE OF HEALING IN THE RaT 








Units of Vitamin D Critical daily Rat units per 


Fat sample fed to cows daily No. of rats level of butterfat | gram of butterfat 





mg. 
600 
350 
200 


60 
40 
250 

















While only data for the critical level of butterfat—that is, the minimum 
at which definite healing occurred—are presented, it should be pointed 


‘ 76 yellow corn, 20 wheat gluten, 3 calcium carbonate, 1 salt. 
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out that many different levels, above and below the one indicated in the 
table, were fed in order to establish these critical values. From the data 
recorded in Table III it is obvious that as the vitamin D intake of the cows 
increased, the antirachitic potency of the butterfat increased correspond- 
ingly, from 0.17 Steenbock rat units per gram during the control period 
(No. 1) to 2.5 units per gram where the vitamin D intake, in the form of 
ergosterol, amounted to 200,000 rat units daily (period 6). One discrepancy 
appears to exist in the data. During period 4 no ergosterol was fed; yet the 
vitamin D potency of the butterfat produced at the end of this period was 
greater than that of the fat produced at the end of period 3 when 15,000 
rat units of vitamin D were fed daily. That this was not due to an error in 
assaying is indicated by the prophylactic trials (Table IV). Here, better 
calcification was secured on 200 mg. of butterfat 4 than on 200 mg. of but- 
terfat 3. The explanation that there was a storage of the vitamin is obvi- 
ated by the values obtained for butterfat 7 (Tables III and IV). No satis- 
factory explanation of this has suggested itself. 

In the prophylactic procedure the rats were placed in individual cages at 
weaning time (24 days) and allowed free access to the Steenbock and Black 
diet. A representative of each litter was placed in each group, including 
the negative and positive controls, as far as possible. The negative controls 
received the basal ration only; the positive controls received the basal ra- 
tion plus 2 per cent of a standardized cod liver oil. The butterfat allowances 
were fed separately each day for five weeks. At the end of that time the 
rats were chloroformed and the femurs removed. After the removal of all 
tissue the bones were dried, extracted for 36 hours in 95 per cent alcohol 
and then in ether for 24 hours. The extracted bones were then dried and 
ashed. The ash results, given in Table IV, are expressed on a fat- and mois- 
ture-free basis. 

The data in Table IV show that better calcification was obtained pro- 
phylactically with 40 mg. of butterfat 6 than with 600 mg. of butterfat 1, 
or, in other words, when 200,000 units of vitamin D were fed, the anti- 
rachitic potency of the resulting butterfat was at least 15 times as great 
as that obtained from feeding the ordinary dairy ration (period 1). These 
results agree closely with those obtained by the line-test method. 

In order to obtain further information with another species as to the 
comparative calcifying values of butterfat samples 4, 5, and 6, the chick 
was chosen as the experimental animal. For this purpose 10 lots of 15 
day-old White Leghorn chicks each, of the same parentage, were started on 
experiment. All the lots were confined indoors in brooders provided with 
screen bottoms and were fed a leg weakness-producing ration of yellow 
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corn 46 parts, wheat 20, wheat bran 5, soybean meal 20, dried buttermilk 5, 
steamed bone meal 3, salt 1, and corn oil® 5. The different percentages of 
butterfats and cod liver oil were incorporated in the above ration by re- 
placing an equivalent amount of corn oil. The cod liver oil, like the butter- 


TABLE IV 


Tue EFFect OF DIFFERENT SAMPLES OF BUTTERFAT 
ON CALCIFICATION IN RATs 








Units of vitamin | Amount of 
D fed to cows | butterfat fed} No. of rats 
daily daily 


Average gain Average ash in 
in weight femurs 





mg. gm. Per cent 
400 28.6 37.7241.21 
600 33.2 43.7141.23 





200 28.8 37. 
400 29.0 





100 28.6 
200 36.0 





21.2 
27.0 48.54+0.32 
23.8 51.60+0.48 





41.4 50.11+0.73 
29.8 51.94+0.45 
32.6 54.17+0.41 





32.8 49.27+0.89 
27.6 -88+0.61 
28.4 -09+0.32 
-36+0.62 





1 


2 04 
7 : 42 


1. 
1.04 


= 
+ 














Negative controls 17 , .23+0.57 





Positive controls (2 per cent C.L.O.) 16 . 50.55+0.41 











fats, had been previously assayed for vitamin D. All the chicks were 
weighed individually each week. At the end of 6 weeks 10 representative 
birds from each lot were killed for blood and bone analyses. Calcium (27) 
and inorganic phosphorus (28) determinations were made on the pooled 


5 Mazola. 
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serum of each group. Ash determinations were made on the tibiae after 
thorough extraction of the dried, crushed bones with alcohol and ether in 
Soxhlet extractors. The data obtained are presented in Table V. 

Although the evidence obtained with the chicks is not so striking as that 
obtained with the rats, it, nevertheless, substantiates the rat work inas- 
much as the ash content of the bones of the chicks in lot 6 (5 per cent but- 
terfat 6) is significantly greater than that of the bones of the chicks in lot 2 


TABLE V 
ErFect OF DIFFERENT SAMPLES OF BUTTERFAT ON CALCIFICATION IN CHICKS 








Units of Blood Analysis 
: vitamin | Average 
Per cent of fat substituted D per | weight at| Ca. per| P. per a 
for corn oil in basal ration 100 gm.| 6 weeks | 100 cc. | 100 cc. in tibiae 





Average ash 


ration serum | serum 





No. mg. mg. Per cent 
None 0 _ 6.92 40.79+0.38 





5.0 per cent butterfat No. 4 4.2 8.6 7.15 43.59+0.36 





3.3 8.1 ‘ 42.89+0.46 





5.0 »§ 8.3 8.5 . 44.34+0.43 





2.0 No. 5.0 7.4 ° 42.47+0.29 








5.0 = No. 6 12.5 8.8 ‘ 45.76+0.45 





0.1 per cent cod liver oil 3.3 305.9 : ‘ 47.53+0.18 











| 0.3 10.0 | 310.4 ; 7.35 | 49.60+0.45 














0.2 | 6.7 292.9 : ‘ 50.08+0.14 


10 | 0.5 16.7 298.4 ‘ 6.85 50.79+0.31 








(5 per cent butterfat 4). The data also indicate that cod liver oil was more 
efficient than these butterfats as a source of vitamin D for chicks, since 
better calcification was obtained from fewer units of vitamin D in the form 
of cod liver oil than in the form of butterfat. On a rat unit basis it required 
more than four times as many vitamin D units in butterfat (Lot 6) as in 
cod liver oil (Lot 7) to bring about the same degree of calcification. These 
observations are of interest in view of the findings of Mussehl and Acker- 
son (29) and of Massengale and Nussmeier (30) that the chick requires 
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several times more rat units of vitamin D in the form of irradiated ergos- 
terol than in the form of cod liver oil. 

It has been pointed out by Hart, Steenbock, Teut, and Humphrey (31) 
and by Hart, Steenbock, Kline, and Humphrey (32) that the vitamin D in 
cod liver oil and in irradiated yeast is poorly absorbed from the intestinal 
tract of cows. That vitamin D in the form of irradiated ergosterol dissolved 
in corn oil is also poorly absorbed, or else stored in some organs other 
than those concerned with milk secretion, is demonstrated in our work 
(Table VI). 





























TABLE VI 
RELATION BETWEEN AMOUNT OF VITAMIN D FED AND VITAMIN D CONTENT OF BUTTERFAT 
S ; Weigh Rat units Total rat units Rat units 
— — per gram in sample fed to cows 
gm. 
1 4,319.2 0.17 734.3 — 
2 5,616.8 0.29 1,628.9 75,000 
3 5,226.6 0.50 2,613.3 150 ,000 
4 3,665.9 0.83 3,042.7 -- 
5 4,028.9 1.67 6,728.3 1,000 ,000 
6 4,001.6 2.50 10 ,004.0 2,400 ,000 
7 2,459.1 0.40 983.6 —— 
DISCUSSION 


There is now sufficient evidence to show unmistakably that the vitamin 

D content of milk can be materially increased. The question as to which 

method, direct irradiation of the milk, the feeding of irradiated yeast, the 

. feeding of irradiated ergosterol, or of some other concentrated source of 

vitamin D, is most practical, will depend upon future developments in the 

field of ultra-violet illumination and improved methods of manufacturing 

vitamin D concentrates in order to reduce their cost. The efficiency of the 

source of vitamin D used must also be determined. Already, there are 

indications that cows use the vitamin D in irradiated yeast much more 
efficiently than that in irradiated ergosterol (25). 

It would seem that the natural method for increasing the vitamin D 
content of milk would be through feeding the cow. This would eliminate 
special handling of the milk after it was produced, as is necessary when 
milk is irradiated. However, it would be very difficult to follow closely the 
potency of a milk supply whose vitamin D content was dependent upon 
feeding operations carried on over scattered areas. Until rapid chemical 
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methods for vitamin assays have been perfected, such control could not 
be expected and it is perhaps only for special, carefully supervised and 
scientifically handled herds producing special kinds of milk that the prac- 
tice may be at all warranted. 

Another question that arises concerns the effect upon the physical well- 
being and performance of the cows of feeding irradiated ergosterol. Work 
with other species of animals has shown that excessive doses of irradiated 
ergosterol are toxic. Pathological studies of the internal organs of cows that 
were fed ergosterol for long periods of time are now in progress. It can 
be said at this time that, so far as external symptoms, production, and 
reproduction are concerned, there is no indication that the feeding of 
200,000 rat units of irradiated ergosterol in corn oil daily over a period of 
almost a year was detrimental. 

Although in a problem such as this certain fundamental truths can be 
ascertained with small animals like rats and chicks, the real criterion as to 
the value of these facts must be based upon work with the species to be 
benefited. Accordingly, arrangements were made with the Babies and 
Childrens Hospital at Cleveland, Ohio, to feed milk produced by ergo- 
sterol-fed cows in the Ohio Experiment Station herd to rachitic babies. The 
results of this work are presented in the following paper. 


SUMMARY 


Two Holstein cows in the same stage of lactation, kept under winter 
feeding conditions, and consuming a good dairy ration, were fed various 
amounts of irradiated ergosterol dissolved in corn oil, over three-week peri- 
ods. The vitamin D content of representative samples of butterfat col- 
lected during each period was determined biologically, by both the cura- 
tive (line-test) and prophylactic (bone-ash) procedures, and compared with 
the vitamin D content of butterfat from the same cows when an equal 
volume of corn oil was fed. The antirachitic potency of the butterfat in- 
creased as the number of rat units of vitamin D fed increased—from 0.17 
Steenbock rat units per gram during the control period to 2.5 units per 
gram when 200,000 rat units of the antirachitic factor were fed. This rela- 
tionship was confirmed by bone-ash values obtained in prophylactic trials. 

Evidence is presented showing that vitamin D in cod liver oil is more 
efficient for calcification in chicks than that contained in butterfat from 
cows fed irradiated ergosterol. 

The practicability of feeding cows irradiated ergosterol so as to produce 
milk rich in vitamin D is discussed. 
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HE following report presents observations made by us at the Babies 

and Childrens Hospital on two rachitic infants who were fed milk 
produced by cows given 100 mg. of irradiated ergosterol daily, having an 
antirachitic value of 200,000 rat units, as outlined in the preceding article 
(1). The infants were fed this milk after a preliminary period of observa- 
tion of four weeks, during which the character and the degree of the rickets 
were established. The milk was from cows at the Ohio Agricultural Experi- 
ment Station, Wooster, Ohio. 

Both infants received daily 500 cc. of this whole milk together with 500 
cc. of ordinary skim milk to which were added 5 cc. of lactic acid and 
enough carbohydrate to meet the caloric requirements of the infants. In 
addition 15 cc. of orange juice were administered daily. A mixture of half 
whole and half skim milk is, in our opinion, a much safer food than whole 
cow’s milk from the standpoint of avoiding diarrhea over a long period, 
particularly when infections develop. We also are convinced that it is wiser 
to use a pint of milk rather than a quart as the antirachitic unit for cow’s 
milk, inasmuch as most infants during the greater part of their first year 
will receive within twenty-four hours no more fat than is contained in a 
pint of milk. 

Unfortunately, the parents of the infants insisted on taking them home 
before complete healing of the bones had occurred. The patients, however, 
did remain in the hospital long enough to enable us to know that the milk 
contained definite antirachitic powers and to assure us that the rickets 
would have healed completely had the time been extended beyond the 
period of ten weeks for the one infant and eleven and a half weeks for 
the other. These time periods are adequate to bring the blood serum cal- 
cium and phosphorus figures to normal levels and the roentgenograms of 
the radius and ulna to present a state of complete or nearly complete cal- 
cification when rachitic infants are exposed once per week to an erythema- 
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producing dose of a quartz mercury vapor arc lamp (2) or of the Sunlight 
(Type S-1) lamp (3) or when they are given 5 cc. of cod liver oil a day (Fig. 
3). In certain food mixtures' even smaller quantities of cod liver oil have 
been found to have an antirachitic potency of this degree. 

It is evident that the unquestionable healing which was produced in 
these infants as the result of the ingestion of the 500 cc. of the ‘““Wooster 
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Fic. 1. Progress in patient R. V. In Figures 1, 2 and 3 Chvostek 0 means negative Chvostek; 
Chvostek +, one plus Chvostek. The black triangles indicate the presence of the Erb phenomenon 
(C.0.C., cathodal opening contraction), and the arrow indicates that the C.O.C. requires more 
than 5 milliamperes. Thecolumns consisting of three lines represent moderate rickets; the columns 
consisting of two lines represent marked rickets. The black areas indicate the presence of heal- 
ing, and the height of the black areas the extent of the healing. The vertical dotted line indicates 
the end of the four-week observation period and the beginning of treatment. 


milk,” relatively speaking, was slow. On the basis of our practical experi- 
ence we would judge it to be the equivalent of somewhat less than a daily 
dose of one-half teaspoonful of a cod liver oil giving in a dose of 5 mg. per 
day adequate antirachitic protection to rats. 

The graphic charts (Figs. 1, 2 and 3) present clearly the course of events. 


1S. M. A. and Protein S. M. A. 
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It will be noted that the first evidence of healing in the roentgenograms for 
patient R. V. was observed in the fourth week and for patient M. H. in the 
third week after beginning of treatment. The calcium content of the blood 
in both patients reached the normal level at ten weeks, while the phosphor- 
us content, on the other hand, only reached the normal level for patient 
R. V. in the eleventh week and did not reach the normal level in patient 
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Fic. 2. Progress in patient M. H. 


M. H. at the tenth week when she was discharged, it being still at the level 
of 4.0 mg. In other words, at the end of the treatment periods the bones 
were not completely healed. Further evidence of the mildness of the anti- 
rachitic quality of the milk is the fact that the spasmophilic symptoms in 
the one infant did not completely disappear until the eighth week. 


SUMMARY 


1. Two rachitic infants, after a preliminary treatment-free observation 
period of four weeks to determine the type and the degree of rickets pres- 
ent, were fed 500 cc. of whole milk produced at the Ohio Agricultural Ex- 
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periment Station, Wooster, by cows fed daily 100 mg. of irradiated ergos- 
terol having an antirachitic value of 200,000 rat units. 

The daily food mixture for the infants contained in addition 500 cc. of 
ordinary skim milk, 5 cc. of lactic acid and a sufficient amount of carbohy- 
drate to meet the caloric requirements of the infants. Fifteen cubic centi- 
meters of orange juice also were administered. 


ee 


4 
é 
Sec. 5cc. 


UUKE + 


Fic. 3. Progress in patient G. W. receiving 5 cc. of cod liver oil daily. Shown for comparison 
with Figures 1 and 2. 


2. The observations made during the treatment period, which for the 
one infant lasted ten and for the other eleven weeks, showed conclusively, 
by the use of weekly roentgenograms and bi-weekly blood serum calcium 
and phosphorus determinations, that the milk possessed antirachitic 
powers, but that these were not of a great magnitude. The bones were not 
completely healed at the end of the treatment periods, the calcium levels 
rose to normal only at the tenth week and the phosphorus level in the one 
infant at the eleventh week and in the other infant not yet at the tenth 
week when she was released from the hospital. Further evidence of the 
mildness of the antirachitic quality of the milk is the fact that the spasmo- 











Sept., 1932 H. J. GERSTENBERGER AND A. J. HORESH 483 





philic symptoms in one infant did not completely disappear until the 
eighth week. 

On the basis of practical experience with the feeding of cod liver oil hav- 
ing a rat protective potency of 5 mg. per day, it is estimated that a pint 
of this particular milk contained slightly less than the equivalent of one- 
half teaspoonful of such a cod liver oil. 
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URING a study of the effect of various manufacturing processes 

upon the nutritive properties of milk, a superiority of evaporated 
milk over fresh whole (raw) milk as food for young albino rats was demon- 
strated. It was assumed that differences in digestibility might be one of the 
factors responsible for the nutritive differences and trials were conducted 
to determine the correctness of this assumption. 

The literature on infant feeding is replete with references to the “ease”’ 
of digestibility of evaporated milk, particularly of its protein. The present 
study, however, deals only with completeness of digestibility and has no 
bearing upon the “‘ease”’ or time factor. 

Daniels and Loughlin (3) observed a less satisfactory growth in rats fed 
evaporated milk than in those fed quickly boiled milk or sweetened con- 
densed milk. It was found that the manufacturing processes then in use 
permitted a settling out of salts from the milk and that when these were 
incorporated in the feedings the differences in growth were largely over- 
come. 

Magee and Harvey (5) report poorer retention of calcium, phosphorus, 
and nitrogen in pigs fed pasteurized than in those fed fresh or sour milk. 

Morgan (7) studied the biological values of wheat gluten, whole wheat 
proteins, and casein both raw and after toasting at 200° C. for 45 minutes. 
Heating lowered the biological values but affected digestibility only a little. 

Rettger (9) reports the partial decomposition of milk proteins with 
liberation of volatile sulfide on heating above 85° C., the pasteurized and 
condensed milk liberating smaller amounts of sulfide than normal milk. 

Washburn and Jones (12) found that young pigs stored the nitrogen of 
raw milk somewhat better than that of evaporated milk. 

Some investigators, on the other hand, have found that the heating or 
cooking of proteins increases their nutritive value. Bateman (1) reports 
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that dogs utilized raw egg white to the extent of only 50 to 70 per cent com- 
pared with a utilization of 90 per cent for cooked egg white. Little effect 
was obtained by heating to less than 55° C., while best results were secured 
at temperatures of 65° to 70° C. or above. Johns and Finks (4) found that 
heating phaseolin suspended in water and boiled 30 minutes enabled it to 
produce normal growth, whereas the unheated protein did not support 
normal growth. In both cases it was supplemented with cystine. Mendel 
and Fine (6) also found that heating phaseolin increased its value, and 
Waterman and Johns (13) report detectable increases in digestibility of this 
protein through cooking. Waterman and Jones (14) secured increased 
digestibility of the proteins of the Chinese and Georgia velvet beans by 
coagulating and cooking. 

Wallen-Lawrence and Koch (11) compared the digestibility by trypsin in 
vitro of 232 samples of evaporated milk, boiled milk, and raw milk. In 
every case the digestibility of the heated milk was higher. 

Brennemann (2) states that as yet no inferiority of evaporated milk 
compared with fresh milk has come to light that cannot apparently be 
neutralized by the use of orange juice and possibly cod liver oil. 

Willard and Blunt (15), in three out of four children, observed a higher 


nitrogen retention when they were given evaporated milk than when they 
were given pasteurized milk. 


EXPERIMENTAL METHODS 


The feeding and management of the experimental rats during the diges- 
tion trials were essentially the same as described in an earlier publication 
(Nevens and Shaw, 8). Instead of using shavings in the pans below the 
glass cages, however, the pans were lined with sheets of heavy filter paper 
20” by 20” in size, held in place by paper clips. A thin wood strip was em- 
ployed as a division midway across the pan. 

Two brands of commercial evaporated milk designated as Brands “R” 
and “‘B” were employed. In addition evaporated milk designated as Brand 
“D” was prepared in the laboratory. The milk for its preparation was 
milked directly from a cow into a glass funnel and glass jug. The fresh 
(raw) milk fed in comparison with all three brands was secured daily from 
the same cow in the same manner. The milk thus obtained (about one 
gallon in amount) comprised only one-half to three-fourths of the milk 
yielded by the cow at that particular milking. The term “whole milk” 
as used in this paper, therefore, refers to milk secured by this method. 
Evaporation was carried out in a 12-liter round-bottom glass flask. The 
flask was placed in a water bath and the temperature of the milk brought 
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to about 93° C. The temperature was lowered and evaporation to ap- 
proximately one-half the original volume carried out under reduced pres- 
sure at a temperature of 55-60° C. The milk was transferred to sterile 
200 cc. Erlenmeyer flasks stoppered with cotton. These were heated in an 
autoclave with steam pressure of 10 pounds for 15 minutes. All milk sup- 
plies were stored in a refrigerator. The fresh milk was sampled daily and a 
sample was taken from each container of evaporated milk as opened. 

The digestion trials were ten days in length. No preliminary periods 
were necessary in the case of animals Nos. 155-190, since they had been 
fed continuously in the same manner since weaning. 

The use of animals Nos. 155-190 for digestibility studies might naturally 
draw criticism because of their being in an anemic condition. Some of them 
died before the experiments were completed. To meet this objection, ani- 
mals normal in hemoglobin content were selected from our stock colony 
and paired according to sex and approximate weights. These animals were 
Nos. 191-228. They were fed stock mixture following each of the digestion 
trials but allowed milk only for three to five days preceding the next trial. 

Two trials of the digestibility of the protein of each of the commercial 
brands of evaporated milk were conducted with the stock animals. In the 
second trial, animals which received fresh milk in the first trial were given 
evaporated milk and vice versa. Another criticism of the feeding of ani- 
mals Nos. 155-190 (Table I) is that the animals fed whole milk consumed 
slightly less protein than those fed evaporated milk. In the trials with the 
stock animals, therefore, animals receiving whole milk were fed two times 
the volume of milk consumed by their pair mates and 10 per cent in ad- 
dition. This brought the level of protein intake of the whole-milk animals 
above that of their pair mates. Water was supplied in separate dishes to 
animals being fed evaporated milk. 

Feces were collected daily. In the studies of protein, the feces were 
transferred at once to stoppered Kjeldahl flasks containing 50 cc. of C.P. 
sulfuric acid. When it was evident that some of the feces had been con- 
taminated by urine, they were transferred to a sheet of clean filter paper 
and washed before collection by a stream of hot, acidified, nitrogen-free 
water from a wash bottle. 

For determinations of the other nutrients, the feces were transferred to 
glass jars which were kept in a refrigerator. The same samples of feces were 
used for dry-matter and ether-extract determinations, but separate col- 
lections were made for sugar determinations. The methods of analysis pre- 
scribed by the Association of Official Agricultural Chemists were followed 
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in the analysis of milk and feces. Only qualitative tests for sugar were 
made. Both Beneditt’s and Fehling’s methods were employed. 
Calculations of digestibility were made by assuming that the differences 
between the amounts of the nutrients ingested and the amounts of the 
same nutrients appearing in the feces represent the amounts digested. On 
account of the presence of small quantities of products of endogenous 
origin in the feces, coefficients calculated in this manner are in reality 
coefficients of “apparent” digestibility. For the sake of simplicity, how- 
ever, the term “apparent” has been omitted in the body of this paper. 


DISCUSSION OF RESULTS 


Fresh whole milk proved superior to both commercially evaporated 
and laboratory-evaporated milk in the digestibility of its protein (Tables 
I, II). The data are fairly consistent for the different animals and different 
brands of milk. The mean of the 47 coefficients of digestibility for fresh 
whole milk is 92.3+.17. The 45 coefficients for the three brands of evapo- 
rated milk have a mean of 88.4+.25. 

There is quite a high degree of probability that the differences shown by 
pair mates in the digestibility of protein (Tables I, II) signify an actual 
difference in the nutritive character of the two kinds of milk. It is calcu- 
lated by the method of Student (10) that in an experiment with pair mates 
an average difference as great as that found with animals fed fresh whole 
milk and Brand “R” evaporated milk (Table I) would be expected to oc- 
cur by chance but once in 39 trials. The probabilities that average differ- 
ences in digestion coefficients as large as those found in the other trials 
were brought about by factors other than chance alone are as follows: 
For Brand “R”, evaporated milk, the probability is 145:1; for Brand 
“DPD”, 600:1; for Brand “R” (Table II, Period 1), 42:1; for Brand “R” 
(Table II, Period 2), 303:1; for Brand “B” (Table II, Period 3), 2,700:1; 
for Brand “B” (Table II, Period 4), more than 10,000: 1. 

A point deserving of special emphasis is brought out by the reversal 
trials (Table II). In these two sets of trials every animal, with but a single 
exception, had a higher coefficient of digestibility of protein when fed fresh 
whole milk than during the corresponding period when fed evaporated 
milk. This was true whether the fresh whole-milk feeding preceded or fol- 
lowed the evaporated-milk feeding. These data, therefore, present a strong 
array of evidence that, under the conditions of this experiment, the diges- 
tibility of the protein of fresh whole milk is greater than that of evaporated 
milk. 


The fat of milk was found to be very highly digestible (Table III). Of the 
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14 coefficients for fresh whole milk, only one falls below 99; in an equal 
number of coefficients for evaporated milk, six fall below 99. Although the 
coefficients for fat of the pair mates fed Brand “B” evaporated milk are 
lower than those of the pair mates fed fresh whole milk, the difference be- 
tween the total group of animals fed Brand ‘“‘B” and the total group fed 
whole milk (Table ITI) is so small that no significance can be attached to it. 

Qualitative tests for sugar were made on individual collections of feces 
of five rats fed fresh whole milk, two rats fed Brand “‘R”’ evaporated milk, 
three rats fed Brand “‘D” evaporated milk, and upon combined collections 
of feces from eight animals fed fresh whole milk and eight animals fed 
Brand ‘“‘B” evaporated milk. In all cases the tests were negative. The tests 
for sugar, therefore, lead to the conclusion that the sugar of fresh whole 
milk and of evaporated milk supplied to rats as the only food is completely 
digested. 

The solids of milk were found to be lower in digestibility than the fat, 
but not so low as the protein (Table III). This result is in harmony with 
the data for the individual constituents of the solids, since it would be ex- 
pected that, with the fat and sugar almost completely digestible, and the 
protein from 88 to 92 per cent digestible, the coefficients for total solids 
would fall between those for protein and 100. The coefficients found for the 
total solids of Brand “B” evaporated milk are significantly lower than 
those for the solids of fresh whole milk, and the results obtained with two 
pairs of animals indicate lower coefficients for Brand ““R” evaporated milk 
than for fresh whole milk. In the comparison of Brand “D” evaporated 
milk and fresh whole milk, however, the results are quite variable. These 
experiments have not demonstrated as conclusively as might be desired, 
therefore, an expected lower digestibility of the solids of evaporated milk 
than of the solids of fresh whole milk. 


SUMMARY 


Two brands of commercial evaporated milk and laboratory evaporated 
milk were fed in comparison with fresh whole milk in paired feeding trials 
with albino rats. Digestibility of the milk was studied. 

The protein of fresh whole milk was distinctly higher in digestibility 
than that of either the commercial or the laboratory evaporated milks. 
Reversal trials with stock animals showed that the lower coefficients for 
evaporated milk were not related to the individuality of the animals but 
that each animal digested fresh whole milk more completely than evapo- 
rated milk. 

The fat of the milk fed was about 99 per cent digestible but no signifi- 
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cant differences between the digestibility of fat in fresh whole milk and 
in evaporated milk were demonstrated. 
No sugar was found in the feces of rats fed either fresh whole milk or 


evaporated milk. 

Coefficients of digestibility of total solids of milk lay between those for 
protein and those for fat, but these experiments showed no significant 
differences between fresh whole milk and evaporated milk in digestibility 


of total solids. 

The differences in digestibility of fresh whole milk and of evaporated 
milk do not explain fully the differences in the nutritive properties of the 
two kinds of milk, since the evaporated milk proved superior for growth. 
This explanation is reserved for a later publication. 
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ECENT work has shown that the fat-soluble, growth-promoting 

factors measured as vitamin A, of plant and animal source are not 
identical chemical compounds. Consequently, any chemical test cannot 
be applicable to the growth-promoting substance from both sources. How- 
ever the antimony trichloride test suggested by Carr and Price (1) may be 
used under certain conditions for the determination of vitamin A in animal 
oils such as cod liver oil. 

In previous papers of this series (2) it has been pointed out that both the 
colorimetric and biological assays of vitamin A must be carefully stand- 
ardized in order to obtain consistent and comparable results. As the color 
produced by the action of antimony trichloride reagent on a cod liver oil 
is not a linear function of the amount of oil used in the test, comparison of 
the colors produced by two different oils at any given concentration or 
between the color produced directly by an oil, and the feeding experiments 
on the same oil, cannot be compared. Comparison can only be made where 
the color may be considered as a linear function of the amount of the oil 
taken for the test. It has been previously shown that the tangent to the 
dilution curve at the origin may be considered as representing the intensity 
of color that would be produced if there were no interfering substances 
present and the color produced were a linear function. In this paper com- 
parison is made with the values calculated from the tangents to the dilu- 
tion curves. 

In making the comparison of the two methods of assay for vitamin A, 
the biological assay used was based upon that described in U.S.P.X., in- 
corporating such precautions as have been brought out by recent work and 
are mentioned in the following discussion of the procedure. 

Young rats were weaned at 28 to 29 days of age from females of the 
breeding colony on a diet consisting of: 
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1000 gm. 
500 gm. 
75 gm. 
75 gm. 
20 gm. 


ground whole wheat 
dried whole milk 

wheat germ 

dried yeast 

sodium chloride (iodized) 


The diet was supplemented three times a week with fresh green lettuce 
leaves, and with about three grams of fresh lean beef per rat. 
At the time of weaning the young rats were placed on a vitamin A-free 
diet, which consisted of: 
Purified casein 18 per cent 
dried yeast a. 
salt mixture 
(Osborne and Mendel) 


sodium chloride 
corn starch 6 


a > 


The casein was purified according to Sherman and Munsell (3), by ex- 
tracting three times with boiling 95 per cent alcohol. The Osborne and 
Mendel (4) salt mixture was modified by the addition of 0.161 grams of 
hydrated copper sulfate for each 134.8 grams of calcium carbonate used, 
in order to supply the required copper. The dried yeast fed at 10 per cent 
was shown to be ample as a source of vitamin B when fed as 3 per cent of 
the diet. Vitamin D was supplied by irradiating the rats at a distance of 
27 inches from a quartz mercury vapor lamp three times a week for a 
period of five minutes during the depletion period, and in a similar manner 
for a period of ten minutes throughout the experimental period. 

The estimation of the conclusion of the depletion period or the time 
of the first administration of the supplementary source of vitamin A is one 
of the most important points in obtaining consistent results by the biolog- 
ical method of assay. The vitamin A must be completely depleted from the 
animal, but if pathological changes due to vitamin A deficiency are allowed 
to become too severe, the recovery is retarded or entirely prevented upon 
adding the supplementary oil to be tested. An arbitrary rule, such as seven 
days of stationary or declining weight, in our experience does not give con- 
sistent results; as with some groups the drop from a maximum weight is 
very rapid with rapid development of severe deficiency symptoms while 
with other groups the growth curves flatten and weight drops more gradu- 
ally. We believe that the proper time first to administer the supplementary 
source of vitamin A cannot be adequately determined by a fixed rule but 
must be interpreted in the light of the worker’s experience in observing the 
onset of deficiency symptoms in a large number of rats, and checking by 
running controls to be certain of depleting the stored vitamin. The average 
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depletion period of 105 rats raised on the above stock diet was 31 days, 
varying from 26 to 33 days. The rats invariably showed early stages of 
ophthalmia, and at the time of the first administration of vitamin A had 
shown stationary weight, on an average as compared to the sixth previous 
day. The period of stationary and declining weight varied from 5 to 8 days 
depending upon the condition of the eyes and the gross symptoms of 
vitamin A deficiency. 

The oil to be tested was fed separately from the diet three times a week, 
as a solution in olive oil, which was free from vitamin A. The solution of 
cod liver oil in olive oil was prepared fresh every two weeks, to prevent 
appreciable destruction of the vitamin dissolved in the oil. Several of the 
olive oil solutions of cod liver oil were tested colorimetrically with anti- 
mony trichloride at the beginning and end of the 2 weeks’ period during 
which it was used, and showed no appreciable change in chromogenic sub- 
stance. 

Ten rats were used for each level of oil upon which the comparison was 
made, litter mates being separated to different levels of oil to equalize 
possible litter variations. Controls showed the animals to be depleted of 
vitamin A, and the yeast and olive oil used to be free of vitamin A. 

The experimental period was continued for eight weeks and the gain in 
weight calculated for periods of four, five, and eight weeks. The length of 
the experimental period has been discussed many times from the stand- 
point of a balance between the accuracy of the determination and the eco- 
nomic necessity of making the procedure as short as practicable. Repre- 
sentative values obtained with oil U for two levels of feeding are given in 
Figure 1, which shows a scattering of growth response during the first 
weeks of the experimental period and the bunching of the results after the 
fourth and fifth weeks, which was found characteristic for each group. The 
tendency of growth curves of all rats plotted in Figure 1 was toward an 
increase in weight or maintenance at the end of the eight weeks’ experi- 
mental period, with the exception of two animals which contracted a pul- 
monary infection during the sixth week and lost weight rapidly thereafter. 
However, no animals were eliminated from the averages used for com- 
parison of methods. The average deviations of growth response from the 
arithmetical mean for each group of rats on both oils were similar and gave 
the following average values for successive weeks from the first to the 
eighth: 3.2, 2.5, 1.6, 1.3, 1.4, 1.1, 1.1, 1.0. The average deviation from the 
mean became smaller with a longer experimental period. The coefficient 
of variation decreased with the length of experimental period in any one 
group of rats, and varied with the amount of cod liver oil fed, as would be 
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expected, increasing somewhat with a decrease in total gain per week. The 
incidence of ophthalmia was less consistent than the growth response. With 
those animals which rapidly developed a marked ophthalmia at the end of 
the depletion period, and were placed on a low level of cod liver oil, the 


BLUE UNITS ( LOVIBOND ) 
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CONCENTRATION OF OIL ( GRAMS PER 100 CC. ) 


Fic. 2. Dilution curves for cod-liver oils U and Pc. 





ophthalmia often persisted for several weeks and in some cases throughout 
the experimental period, with a tendency to a lower total gain in weight 
and greater susceptibility to cold and infection. 

Table I gives the data for feeding experiments on cod liver oils Pc and U. 
The values obtained in these tests, where care was taken to insure ample 
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TABLE I 


FEEDING EXPERIMENTS ON Two Cop Liver Ors, GIVING THE 
AVERAGE GAIN IN Bopy WEIGHT IN GRAMS PER WEEK 




















Duration Cod Liver Oil U Cod Liver Oil Pc 
of exp. Oil fed—Grams per day Oil fed—grams per day 
period 
weeks. 0.00075 0.0010 0.0015 0.00037 0.00073 0.0011 
4 2.6 5.0 7.3 3.6 6.6 9.1 
5 1.6 4.4 6.6 2.3 &.5 8.5 
8 2.2 2.4 5.4 0.9 3.9 6.5 














vitamin B complex, and to insure against destruction of the fat-soluble 
factor during the time of feeding, were approximately three times as high 
as tests previously made in this laboratory with the same colony of rats 
on the same stock diet, and using the same general technic. Peanut oil, 
«which has been shown to be more destructive to vitamin A, was used as a 
diluting oil in the previous tests. 

Figure 2 gives the continuous curves as calculated from the experimental 
data using the formula X =aY’+bY for the two cod liver oils U and Pec. 
The circles represent the observed values for the respective oils. The 
tangents to the curves calculated as dX/dY where Y equals O are also 
shown. 

A correlation of the feeding experiments with the colorimetric values 
calculated from the tangents to the dilution curves on the two cod liver 
oils tested is given in Table II. The values obtained show a fraction of a 

TABLE II 


LovisonD BLUE UNITS, ESTIMATED FROM THE TANGENTS TO THE 
DituTIoN CuRVES, EQUIVALENT TO TEN BIOLOGICAL UNITS 











Dustin f em. 
mere Cod Liver Oil U Cod Liver Oil Pc hitcun 
‘ 4.5 4.0 4.2 
5 5.5 Ce , 5.6 
8 71 8.2 7.6 














blue unit for one biological unit, and in order to make the comparison on 
the basis of higher values of blue units, the results were calculated to a 
basis of 10 biological units. A biological unit is considered to be that 
amount of oil required per day to induce an average body weight increase 
of 3 grams per week for a definite period of time; as four, five, or eight 
weeks, when fed under the conditions outlined above. 
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SUMMARY 


A correlation can be made between the colorimetric assay for vitamin 
A using antimony trichloride, if the color value is compared where it is a 
linear function of the cod liver oil used in the test, and the biological assay. 

Colorimetric units have been calculated in terms of the biological units 
for vitamin A. 
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HE value of supplementing home grown grains with protein concen- 

trates is well recognized. Animal tankages and meat scraps are used 
extensively as protein supplements in rations for swine and poultry. These 
products furnish essential amino acids in which the home grown grains 
are deficient. It is customary to evaluate these protein concentrates on the 
basis of their content of crude protein although there is much evidence 
available that this is not a true index of their value. 

Feeding tankages and meat scraps are prepared from inedible portions 
of slaughtered animals and the entire carcasses of diseased and dead ani- 
mals. After rendering them, to extract as much of the fat as possible, the 
residues are used as feeds. Kraybill (1) described the types of raw material 
and the processes used in their manufacture. Hoagland and Snider (2, 3, 4) 
have shown that there is a wide difference in the nutritive value of the pro- 
teins of various organs and tissues of the animal. Mitchell and Carman (5) 
and Mitchell, Beadles and Kruger (11) obtained similar results and showed 
that the proteins of meats containing larger amounts of connective tissue 
are inferior in nutritive value. This is probably due to the fact that the pro- 
teins of connective tissues are high in collagen which yields gelatin, which 
is recognized as being deficient in tyrosine, cystine and tryptophane. It is 
evident from the wide variety of materials used in their manufacture, 
that tankages of the same crude protein content do not necessarily have 
equal feeding value. 

EXPERIMENTAL 


It seemed possible that a determination of the amount of hot water 
soluble protein (N x 6.25) in tankages and meat scraps might be helpful 


* Part of these data are from a thesis presented to the Graduate School of Purdue University 
by Mr. P. B. Curtis in partial fulfillment of the requirements for the degree of Master of Science. 
Presented before the Division of Agriculture and Food Chemistry at the Indianapolis Meeting of 
the American Chemical Society, March 31, 1931. 

Published with the approval of the Director of the Agricultural Experiment Station. 
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in determining their nutritive value. Consequently, we have determined 
the amount of water soluble protein in a number of commercial tankages 
and meat scraps. In addition a study was made of the nutritive value of 
two of the original products and their water soluble and insoluble fractions 
when used as a supplement to corn. 


Variation in Water Soluble Protein Content 


The following method was used to determine the water soluble protein: 

Two and one half grams of the product are dried and extracted with 
ether to remove the fat. The sample is then transferred to a filter paper and 
washed with successive portions of boiling water until 250 cc. are ob- 
tained. Protein (N x 6.25) is then determined on an aliquot of the filtrate 
and also upon the insoluble residue by the official Gunning method (6). 

Analyses of a number of samples of different brands of tankages and 
meat scraps secured on the market show considerable variation ranging 
from 19.6 to 45.8 per cent of the total protein as water soluble (Table I). 
This is not surprising since the protein contents of tankages are built up 
by the addition of blood or “‘stick’ or a combination of both of them. 
Dried whole blood or dried coagulated blood is low in water soluble protein 
while “stick” is almost entirely soluble in boiling water. Consequently the 
amount of water soluble protein in a tankage is dependent upon the rela- 
tive amounts of “stick’’ and blood used in building up the protein content. 
Reduction tankages on the other hand are not built up with “stick.’”’ Con- 
sequently, they are lower in total protein and in percentage of water solu- 
ble protein. 

A number of samples of two brands of digester tankages manufactured 
by two different packing houses over a period of two years were examined. 
One brand shows a variation of from 32.7 to 45.8 per cent of the total pro- 
tein as hot water soluble and the other a range of from 23.2 to 44.0 per 
cent. Examination of these samples shows that those having the lowest 
percentages of hot water soluble protein contain the most blood while 
those having the higher percentages contain more “stick.” 

Meat scraps are dry rendered and are not built up in protein content by 
the addition of “stick” or blood. Since they are dry rendered the water 
soluble proteins are not removed from the tissues in processing. Analyses 
of these products range from 26.9 to 40.3 per cent of the total protein as 
water soluble (Table I). Super meat scraps or the products containing 
around 75 per cent total protein contain the highest amounts of water 


1 “Stick” is the product resulting from the concentration of the liquors obtained in the wet 
rendering process of tankage products. 
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soluble protein. These high protein meat scraps are composed largely of the 
degreased cracklings resulting from the rendering of adipose tissues. These 
tissues are high in collagen and hence yield large amounts of water soluble 


proteins. 
Nutritive Value of Meat Meal Tankage 


Twenty pounds of a commercial meat meal tankage which was composed 
of dry rendered meat and bone scraps and blood were separated into a 
water insoluble and a water soluble fraction. Both fractions were then 
dried in a current of warm air. A sample of commercial “stick’’ was se- 
cured and dried in a similar manner. Each of these products was fed to 
albino rats as a sole source of protein and as a protein supplement to corn. 
The analyses of these products are shown in Table II. 


TABLE II 
CHEMICAL COMPOSITION OF EXPERIMENTAL SAMPLES USED IN RATIONS 








Hot water 
soluble 
: Crude protein; 
Product Moisture Ash P20; protein % of 
NX6.25 total 
protein 





Per cent | Percent | Percent | Percent | Per cent 


Meat meal tankage (fat free) 3.90 21.50 7.98 72.80 28.0 
Hot water insoluble fraction 2.50 29.50 11.95 64.40 5.4 
Hot water soluble fraction 6.00 9.30 0.82 90.49 98.3 
Commercial “stick” dried 2.40 11.30 1.80 80.34 97.2 
Bone ash 39.66 0.24 

Dried yeast 47.54 

Yellow corn 9.39 

Wheat bran 17.60 

Digester tankage (fat free) 8.16 69.30 32.7 
Hot water insoluble fraction 11.72 62.30 

Hot water soluble fraction 1.02 82.70 
Tricalcium phosphate 43.60 

















Vitamin B concentrate 43.00 





These products were supplemented with other factors to make a satis- 
factory ration with the possible exception of the protein moiety. Since the 
ration containing the insoluble fraction contained the highest percentage 
of ash, the other rations of each group of tests were equalized by the ad- 
dition of bone ash to give the same phosphoric acid content. Two per cent 
of McCollum’s No. 185 salt mixture was also included in the ration. Eight 
per cent butter fat, two per cent cod liver oil and three per cent dried yeast 
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supplied sufficient quantities of vitamins A, B and D. The remainder of 
the ration consisted of two per cent agar-agar and sufficient dextrin to 
complete the ration. The composition of the rations is given in Table III. 

Each fraction was fed both as a sole source of protein at a level of 15 per 
cent and also as a supplement to corn protein (9 per cent from tankage 
fraction and 6 per cent from corn). The meat meal tankage and insoluble 


MEAT MEAL TANKAGE SERIES 


Py 


2 
Me 





Cuart 1, Composite growth curves of groups of rats showing the relative nutritive value of 
meat meal tankage and its fractions at various protein levels. 


fraction were also fed, as sole sources of protein at levels of 10 per cent and 
as supplements to corn protein (4 per cent from meat meal tankage or in- 
soluble fraction and 6 per cent from corn). Three male and two female 
albino rats were used in testing each ration. The duration of each test 
was ten weeks. 

The results of these feeding tests are shown in Chart 1. Each growth 
curve represents a composite of the growth of the rats of each lot. The lots 
receiving meat meal tankage and the hot water insoluble fraction as sole 
sources of protein at levels of 10 and 15 per cent of protein made very poor 
growth. The average rate of gain at the 15 per cent level was almost identi- 
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cal with both products. At the 10 per cent level the meat meal was slightly 
superior to the insoluble fraction. 

When these products were used to supplement corn in rations containing 
6 per cent protein from yellow corn and either 9 or 4 per cent protein from 
the meat meal tankage, or the insoluble fraction, the animals made fairly 
good gains. In both instances the insoluble fraction was slightly superior 
to the original product. 

The hot water soluble fraction or ‘‘stick” fed as a sole source of protein 
at a 15 per cent level of protein gave very poor results. The ration was not 
even adequate for maintenance. Four of the five animals in the lot fed with 
the ration containing the water soluble fraction died before the end of the 
ten weeks’ test. As a supplement to the protein of corn (water soluble frac- 
tion protein or “stick” protein 9 per cent and corn protein 6 per cent) the 
water soluble fraction and “stick” were only moderately satisfactory. 
Under these conditions “‘stick’”’ gave definitely better results than the 
water soluble fraction. This difference may be due to the fact that com- 
mercial “‘stick”’ contains some suspended insoluble material. 

The results show very definitely that the original meat meal tankage 
and the insoluble fraction are much more effective than “stick” or the 
water soluble fraction in supplementing the proteins of corn. Other ex- 
periments not reported here show that both dried whole blood and coagu- 
lated blood are much superior to “stick” and the soluble fraction as a sup- 
plement to the proteins of corn. 

Since the hot water soluble fraction is not effective in supplementing 
the protein of corn, studies were made to determine the amino acid de- 
ficiencies of this combination. The ration containing 6 per cent corn pro- 
tein and 6 per cent soluble fraction protein proved to be unsatisfactory for 
growth although adequate for maintenance. Since the water soluble frac- 
tion consists very largely of gelatin which is recognized as being deficient 
in tyrosine, cystine and tryptophane, various combinations of these amino 
acids were added to this ration. The amounts introduced in the basal ration 
were 0.30 per cent cystine, 0.30 per cent tyrosine and 0.18 per cent trypto- 
phane. The results of these tests are given in Table IV. 

These results show that the addition of the three amino acids, trypto- 
phane, cystine and tyrosine, to the basal ration containing 6 per cent corn 
protein and 6 per cent soluble fraction protein resulted in marked increase 
in growth. The omission of tyrosine only did not apparently affect the 
nutritive value of the ration. However, by omitting cystine only there was 
a decreased growth rate, but if tryptophane was omitted, the ration even 
though supplemented with tyrosine and cystine was but little better than 
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the basal ration alone. These results show that the main deficiency of the 
basal ration is tryptophane, cystine to a lesser degree and that a deficiency 
‘ in tyrosine does not exist. 

When two per cent protein from the soluble fraction was substituted by 
sufficient wheat bran, which contains tryptophane, to furnish two per cent 
protein there was a very marked improvement in the basal ration (Chart 
1). This ration containing 12 per cent protein (soluble protein 4 per cent, 
corn protein 6 per cent and bran protein 2 per cent) resulted in satisfactory 
growth while the basal ration (6 per cent soluble protein and 6 per cent 
corn protein) was little more than adequate for maintenance. The substi- 


Tase IV 
RESULTS OF SUPPLEMENTING THE SOLUBLE FRACTION OF MEAT MEAL AND CORN WITH 
Certain Amino AcIps 




















Period 1 Period 2 Period 3 

3 weeks 4 weeks 3 weeks 
Lot 
Ne. Weekly Weekly Weekly 

Ration , Ration : Ration . 
gain gain gain 

16 Basal* 2 Basal* 3 | Basal* 3 
17 Basal 2 Basal+Trypt.+Cyst.+Tyr. 14 | Basal+Cyst.+Tyr. 7 
18 Basal 3 Basal+-Trypt.+Cyst. 14 | Basal+Cyst. 7 
19 Basal 3 Basal+Trypt.+Tyr. 9 | Basal+Tyr. 5 
20 Basal 3 Basal+Cyst.+Tyr. 4 | Basal+Cyst.+Tyr. 2 




















* See Table III, Lot No. 13. 


tution of wheat bran equivalent to two per cent protein for the entire six 
per cent of water soluble protein, in the basal ration resulted in improve- 
ment but not so marked as when only two per cent of the water soluble 
protein was replaced by bran. These results show that although the water 
soluble fraction of meat meal tankage has very little supplementing value 
to corn alone, it does supplement the combined proteins of corn and bran. 


Nutritive Value of Digester Tankage 


A sample of commercial digester tankage, prepared by building up a 
wet rendered product with stick and blood, was separated into a hot water 
soluble and a hot water insoluble fraction in the same manner as described 
for meat meal tankage. 

The original tankage and each fraction were fed with yellow corn at a 
protein level of 12 per cent (5 per cent from tankage or its fractions and 7 
per cent from corn). Three per cent of butter fat was used and one per cent 
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of specially prepared vitamin B concentrate* was substituted for the 3 per 
cent yeast used in the rations of the series previously described. Tricalcium 
phosphate instead of bone ash was used to adjust the mineral content of 
the rations. The composition of these rations is given in Table V. 

The results of these trials are given in Chart 2. The ration containing 
corn alone (protein 7 per cent) resulted in very poor growth. The addition 
of water soluble fraction sufficient to furnish five per cent of protein in the 
ration and to raise the total protein content to 12 per cent resulted in no 
improvement over the ration containing corn alone. When a sufficient 
amount of the insoluble tankage fraction or of the original tankage was 





DIGESTER TANKAGE SERIES 
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Cuart 2. Composite growth curves of groups of rats showing the nutritive value of digester 
tankage and its fractions in supplementing corn protein and a combination of corn and wheat 
bran proteins. 


added to the ration to furnish five per cent of protein, growth was very 
satisfactory. These results show that the water soluble fraction of digester 
tankage does not supplement the protein of corn while the original tankage 
or the insoluble fraction does supplement the protein of corn. The insoluble 
fraction is apparently slightly superior to the original tankage as a supple- 
ment to corn. 

When a sufficient amount of bran to furnish two per cent of protein was 
added to the ration containing only corn protein, improvement was noted. 
The further addition of three per cent of protein in the form of the soluble 
fraction resulted in even more marked improvement. It is thus apparent 
that while the soluble fraction does not supplement corn alone, it does 
supplement the combination of corn and bran (corn protein 7 per cent and 


* Prepared by the method of Osborne and Wakeman, Jour. Biol. Chem. 1919, 40, 383. 









































Sept., 1932 P. B. CURTIS, S. M. HAUGE, AND H. R. KRAYBILL 513 





bran protein 2 per cent). However, both the insoluble fraction and the 
original tankage are more effective than the soluble fraction in supple- 
menting corn and bran at this level. The insoluble fraction is slightly 
superior to the original tankage in supplementing corn and bran, but the 
difference is not so marked as in supplementing corn alone. 
TABLE VI 
RESULTS OF SUPPLEMENTING THE SOLUBLE FRACTION OF DIGESTER TANKAGE AND 


CoRN WITH CERTAIN AMINO ACIDS AND WHEAT BRAN 


| 
| 


Period 1 Period 2 Period 3 








3 weeks 3 weeks 3 weeks 
Lot |_ haere: ae ee ide is Hi 
No. | a = 
| Weekly , Weekly é Weekly 
Rati : Ration . Ration at 
Ration | gain gain gain 
29 Basal*| 0.0 | Basal+Trypt.+Cyst.+Tyr. | +5.3 Basal+Cyst.+Tyr. —1.0 
30 | Basal | —1.0 | Basal+Trypt.+Tyr. +2.5 | Basal+Trypt.+Cyst. | +5.0 
31 Basal | —0.5 | Basal+Trypt.+Cyst. +6.0 | Basal+Cyst. —0.5 
32 | Basal | —1.0 | Basal+Cyst.+Tyr. | 0.0 | Basal+Trypt. +4.0 
= —<—<—<—_— — ———— = = — . = — 
| Period 1 Period 2 
8 weeks 3 weeks 
| Weekly | Ration Weekly 
Ration . we 
gain | gain 
33. | Corn+Wheat Bran +4.0 Corn+Wheat Bran+Lysine +8.0 
| 5% 2% | 5% 2% = 0.22% | 
34 Corn+Wheat Bran+Sol. Fr. | +6.8 | Corn+Wheat Bran+Sol. Fr. +6.2 
| 3% 2% 3% | | 5% 2% 3% 


{ 





* Basal ration: soluble fraction 4.84 per cent (equal to 4 per cent protein), corn 61.86 per cent 
(equal to 6 per cent protein), butter fat 8 per cent, C. L. O. 2 per cent, Vit. B. Conc. 1 per cent, 
McCollum’s salt mixture 4 per cent, agar-agar 2 per cent and dextrin 16.3 per cent. 


The addition of 0.22 per cent of lysine (calculated to be equivalent to 
the lysine content of 3 per cent gelatin) to the ration containing corn and 
wheat bran (corn protein 5 per cent and bran protein 2 per cent) resulted 
in improved growth (See Table VI, lots 33 and 34). This indicates a de- 
ficiency of lysine in this ration. Since the addition of 3 per cent of the 
soluble fraction improved growth, it is apparent that the effect of the water 
soluble fraction in supplementing corn and wheat bran is due to its lysine 
content. 





Experiments to determine the amino acid deficiencies of the corn and 
water soluble digester tankage fraction were carried out similar to those 
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described for the meat meal tankage. Practically the same basal ration was 
used except that the soluble fraction was reduced from 6 per cent to 4 per 
cent and 1 per cent of the vitamin B concentrate was used in place of the 
3 per cent dried yeast. The results (Table VI) show that although slower 
gains were made, the relative trend in growth of the lots receiving the 
different amino acids was the same as with the trials with the soluble frac- 
tion from meat meal tankage. The results show that the first deficiency of 
the ration is tryptophane and that when it is corrected, |a deficiency in cys- 
tine becomes apparent. No indications of a deficiency of tyrosine are evi- 
dent. 


Fic. 1, Showing a type of blindness occurring in rats fed on diets low in tryptophane. This 
blindness is characterized by opaqueness and loss of the characteristic eye colors and is quite 
different from ophthalmia due to vitamin A deficiency. 


An interesting observation was made that the rats receiving inadequate 
protein from either low corn protein (Lot 24, Table V) or low protein of the 
basal ration in the absence of additions of tryptophane developed perma- 
nent blindness. This blindness was characterized by white opaqueness of 
the eye and loss of the characteristic colors of the eye, quite different from 
ophthalmia due to vitamin A deficiency (Fig. 1). All of the animals in lot 
32 (Table VI) became totally blind about the sixth or seventh week. In lot 
31 when tryptophane and cystine were added to the basal ration during 
the second period, and then tryptophane omitted in the last period, only 
one case of blindness was recorded. This particular rat lost the use of one 
eye near the end of the eighth week. The other animals in this lot, as well 
as those in lots 29 and 30, failed to develop this eye condition in the nine 
weeks’ feeding test. Since this blindness occurred only in lots lacking in 
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tryptophane, this indicates that this condition may be due solely to a 
tryptophane deficiency. 
Discussion 


A marked difference was found in the value of the hot water insoluble 
and soluble fractions of tankages when used as a protein supplement to 
corn. The soluble fractions had no supplementing value to the proteins of 
corn while the insoluble fractions supplemented corn and were slightly 
superior to the original tankages. The inadequacy of the soluble fractions 
in supplementing corn is due to deficiencies in tryptophane and cystine. 

If wheat bran, which furnishes tryptophane and some cystine, is added 
to the ration containing corn as the sole source of protein the addition of 
the water soluble tankage fraction gives a marked improvement in the 
growth of rats. This supplementing action of the water soluble fraction 
must be due to its lysine content. 

When used as a supplement to corn at total protein levels of 15, 12 and 
10 per cents, the insoluble tankage fractions are slightly more efficient than 
the original tankages. That the superiority of the insoluble fractions is due 
to their higher content of tryptophane and possibly cystine, is indicated by 
the fact that when the insoluble fractions and the original tankages are 
used to supplement corn and bran, their differences in effectiveness are 
less marked. 

The results indicate that tankages of low, hot water soluble protein con- 
tents may be more effective as supplements to corn per unit of protein 
than those containing larger amounts of water soluble protein. “Stick” and 
the water soluble fraction of tankages when used alone to supplement the 
proteins of corn have little or no value. If some other source of protein, 
like wheat bran for instance, which contains tryptophane and cystine, is 
added to the corn the addition of “stick” or the water soluble fraction may 
have a supplementing action by means of its lysine content. 

Feeding experiments with chicks, at this experiment station, have 
demonstrated that considerable variation exists in the nutritive value of 
animal protein concentrates. It was found that meat meals (super meat 
scraps) and digester tankages are inferior to meat scraps when fed at the 
same protein levels (7, 8, 9). Data were also secured which indicated that 
the amino acid deficiency of this meat meal (super meat scraps consisting 
of degreased adipose tissue) was tryptophane (10). Concerning the nutri- 
tive value of meat scraps, Prange, Carrick, and Hauge (7) state: 

Our experiments suggest that variations exist in the nutritive value of the proteins from meat and 


bone scraps made by different manufacturers. The cause of this variation is not definitely known, 
but we surmise it may be due to differences in both amounts and kinds of tissues included in the 
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product. The variation not only exists in similar products made by different manufacturers, but 
it is possible that it may exist in different samples of the same brand. 

From the work of Mitchell, Beadles, and Kruger (11), it is probable that 
the relative amounts of connective tissue in the samples may determine 
its nutritive value. In fact, the addition of connective tissue seems to act 
as a diluent, reducing the nutritive value of the sample containing proteins 
of high biological value. This was also emphasized by Hauge (12) who 
stated that, “Added non-supplementing proteins really act as diluents for 
the original pro:«ins of the concentrates.”’ In conducting feeding trials on 
farm animals with animal protein concentrates it therefore appears im- 
portant to consider the types of materials used in their manufacture. 


SUMMARY 


1. Chemical and biological studies have been made to determine the 
nutritive value of certain animal protein concentrates. 

2. The commercial digester tankages analyzed varied considerably in 
content of hot water soluble protein (N X6.25) ranging from 27.3 to 45.8 
per cent of the total protein. 

3. Commercial meat scraps (dry rendered and containing about 50 per 
cent total protein) and reduction tankages to which no “stick” or blood 
are added are usually lower in hot water soluble protein than digester 
tankages. 

4. Super meat scraps (75 to 80 per cent protein) consisting largely of 
degreased adipose tissue are high in hot water soluble protein (40 per cent 
of the total protein). 

5. Dried whole blood and coagulated blood are low in hot water solu- 
ble protein (2.3 to 8.5 per cent of the total protein). 

6. As a sole source of protein the hot water soluble fraction of tankages 
at a 15 per cent protein level is inadequate even for maintenance. The solu- 
ble fraction and commercial “‘stick”’ have little or no value when used as a 
supplement to the protein of corn alone, due to a deficiency in the ration 
of tryptophane and cystine. However, due to their lysine content, these 
soluble fractions may have some value in supplementing a combination of 
the proteins of corn and wheat bran. 

7. Asa sole source of protein at a 15 per cent level, the original tankages 
and the water insoluble fractions do not support satisfactory growth. Asa 
supplement to corn they are both satisfactory but the insoluble fraction is 
slightly superior to the original tankage. When used as a supplement to 
corn and wheat bran, the superiority of the insoluble fraction over the 
original tankage is less marked. 
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8. A type of blindness in rats which is different from ophthalmia result- 
ing from vitamin A deficiency, is described. This condition appears to be 
due solely to tryptophane deficiency. 

9. A determination of the amount of hot water soluble protein in tank- 
ages is of some help in determining their nutritive value. 

10. In conducting experiments to determine the feeding value of animal 
tankages and meat scraps the type of materials used in their manufacture 
should be considered. 
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THE EFFECT OF FIGS AND SMALL AMOUNTS OF 
RAISINS ON URINARY ACIDITY 


By LAWRENCE G. SAYWELL 


(From the Fruit Products Laboratory, University of California, 
College of Agriculture, Berkeley) 


Received for Publication—February 29, 1932 


N A previous paper (3) the effect of fresh Malaga grapes, several kinds 

of grape juice, grape concentrate, and two varieties of raisins on the 
urinary acidity was shown. In the previous experiments 1000 cubic centi- 
meters of grape juice or the approximate equivalent of 300 grams of con- 
centrate or raisins was employed. Since the effect of these quantities on the 
urinary acidity was very marked, it seemed desirable to ascertain the effect 
of daily ingestion of a smaller amount of raisins. In addition, the study was 
extended to include the effect of the common white Calimyrna fig, which 
is a strain of the Smyrna variety. 

The experiments were of eleven to twelve days’ duration. Each experi- 
ment was divided into two consecutive periods. For the first five days each 
person received only the basal ration. During the next six or seven days 
each person received, in addition, a constant quantity of raisins or figs. 
Three normal young men subjects were employed in each experiment. 

The basal diet was the same as that described in the previous report (3) 
with the exception of the bread ration. In the raisin experiment, a standard 
white bread, similar to that used in the previous studies was employed. 
However, during the second part of the experiment the raisins were incor- 
porated in the bread. Consequently only 235 grams of bread were eaten 
daily during the first five days while the body attained equilibrium on the 
highly acid diet. The raisins were added to the bread in such proportion that 
each one pound loaf contained five ounces of raisins. Each individual then 
received 340 grams of raisin bread. That is, each 340 grams of bread con- 
tained 105 grams of the seedless raisins, the difference of 235 grams cor- 
responding to the amount of bread eaten daily by each individual during 
the first five days. 

In order that the data would be comparable to those in the previous 
studies, 300 gram portions of the figs were eaten daily by each individual 
during the second part of the fig experiment. 

All analytical determinations were made in duplicate or triplicate, the 
average of closely agreeing duplicates only being reported. The methods 
were the same as those described in the previous study. 
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In addition to the urine analyses, determinations of the ash content, the 
alkalinity of the soluble ash, and the alkalinity of the insoluble ash were 
made (1) upon composite samples of the raisins and figs. 


Results and Discussion 


As is shown in Tables I and II, the effect of ingestion of the raisins in 
bread and of figs on the pH of the urine was quite marked. On the basal 
diet the pH generally stabilized at 5.90 to 5.70. However, subject K (Table 
I) did not go below a pH of 5.95 while subject A (Table II) dropped down 
to a pH of 5.65 on the fifth day of the basal ration. This range compares 
well with the range observed in the previous experiments. 

With the raisins there was a generally uniform increase of pH following 
their addition to the diet. This increase was such that the pH on the last 
three or four days of the experiment was from 0.45 to 0.6 pH unit higher 
than that of the fifth or sixth day of the experiment. This compared with 
the similar change of 0.8 to 0.9 of a pH unit produced in the previous 
studies by 300 grams of raisins. That is, the smaller amount of raisins also 
produced a considerable change in the pH of urine. In fact, their efficiency 
appeared to be increased since only approximately one-third the amount 
of raisins produced more than half as great a change in pH. 

The figs also produced generally uniform increases of the urinary pH. 
This increase was from 0.9 to 1.1 pH units in magnitude. This change ap- 
pears to be slightly greater than that of 0.8 to 0.9 of a pH unit produced 
by the same weight of raisins. 

In this respect it is interesting to note the similarity in the ash analyses 
of the raisins and the figs employed in these experiments. The ash content 
of the raisins was 2.20 per cent, while that of the figs was 2.52 per cent of 
the edible material. A slight difference in the relations of the total alkalini- 
ties of the ash, however, was observed. That is, the total alkalinity of the 
ash of the raisins was slightly greater, being equivalent to 339.0 cubic centi- 
meters of tenth normal hydrochloric acid per 100 grams raisins, while that 
of the figs was equivalent to 328.5 cubic centimeters of tenth normal 
hydrochloric acid. It is apparent that there is a relation between the change 
of pH of the urine and the alkalinity of the food material eaten. The greater 
change of pH appears to be the result of the ingestion of larger quantities 
of the given food, or of similar quantities of a food of approximately 
equivalent alkaline ash content. This relation may not be one of direct pro- 
portion when differences of as much as 300 per cent occur in the total alka- 
linity of the ash of the food ingested. It is further possible that there is 
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a certain optimum range of total alkaline content beyond which the body 
does not utilize the alkaline factors with complete efficiency. 

From the data in Tables I and II showing the values for total acids and 
ammonia excreted daily, it is evident that there was a decrease in their 
concentration when the raisins were added to the basal diet. A much more 
marked decrease occurred with the addition of the figs to the basal diet. 

The evaluation of the quantitative relationship between the excretion 
of acid in excess of fixed bases, as measured by determining the ammonia 
and titratable acid, and the carbon dioxide binding power of the blood 
plasma has been developed by Fitz and Van Slyke (2). In the previous 
study with grapes and grape products this method of estimating the lower- 
ing of the alkaline reserve was employed. It was shown that the basal diet 
alone lowered the alkaline reserve and the grapes and grape products as- 
sisted in securing a high alkaline reserve. From a comparison of the data 
in Tables I and II with those of the previous study, it is evident that the 
smaller quantity (105 grams) of raisins restored the alkaline reserve of an 
individual to approximately what it had been at the beginning of the basal 
diet. In the case of the figs, the 300 grams had increased the alkaline re- 
serve of the subject beyond that obtaining at the beginning of the basal 
diet period. This was indicated approximately by the smaller values of the 
ammonia and the titratable acidity titrations. The raising of the alkaline 
reserve by the 300 grams of figs was of the same order of magnitude as was 
that produced by a similar weight of raisins (3). 

The changes of the pH are of further interest when the percentage oxida- 
tion of the organic acids is considered. This follows from the observation 
that with only 105 grams of raisins complete oxidation of organic acids was 
noted, while the pH change was from 50 to 60 per cent of that obtained 
with 300 grams of raisins. With 300 grams of raisins an average of only 
92.8 per cent oxidation of the organic acids ingested was noted. 

The organic acid content of the raisins and figs was determined by the 
method of Van Slyke and Paimer (4). The total amounts daily ingested 
(as cubic centimeters tenth normal acid) are given in Table III. The differ- 
ences of the average daily organic acid titration of the urine with and 
without the raisins or figs added to the basal diet are also given. From these 
values the percentage of the organic acids oxidized in the body may be 
computed. 

It is shown in Table III that the average daily organic acid titration for 
each individual was less after the raisins were added to the diet than when 
on the basal ration alone. Considering the organic acids of the added 
raisins only, one hundred per cent oxidation was observed. This contrasts 
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with the average of 92.8 per cent oxidation observed in the previous studies 
with 300 grams of raisins. No explanation is given at this time for the 
actual average decrease of organic acids occurring on the addition of the 
raisins. 

It is further evident that a slightly higher percentage of oxidation of 
organic acids from the figs was obtained than was the case with an equal 
weight (300 grams) of seedless raisins. On the average, 97.5 per cent of the 
organic acids of the figs was oxidized while the corresponding value for 


TaBLe III 


OrcGanic Acips INGESTED AND OXIDIZED 
(As cc. N/10 HCl) 











Raisins in bread Calimyrna Figs 





p |x|. A D M 





Average daily organic acid ti- 
tration for basal diet period 639 721 728 680 630 649 
Average daily organic acid ti- 
tration for basal diet+ 





raisins or figs 593 668 719 772 639 667 
Difference *—46 *—53 *— 9 +92 +9 +18 
Organic acids ingested daily 
from raisins of figs. 714 714 714 1620 1620 1620 
Per cent oxidation of organic 
acids 100 100 100 94.3 99.4 98.9 




















* Negative values indicate lower organic acid content with raisins added to the diet. 


raisins was 92.8 per cent. It is possible that this difference was a result of 
the lower organic acid content of the figs. The total organic acid content of 
the 300 grams of figs was equivalent to 1620 cubic centimeters of tenth 
normal hydrochloric acid while that of the 300 grams of seedless raisins 
used in the previous studies was equivalent to 2160 cubic centimeters of 
tenth normal hydrochloric acid. The organic acid content of the figs was 
therefore only approximately 75 per cent of that of the seedless raisins. 
Also the fact that there was complete oxidation of the organic acids re- 
sulting from only 105 grams of raisins must be considered. Consequently 
it would appear that for considerable quantities of natural grape and fig 
products the body is capable of completely oxidizing the organic acids. 
For larger quantities of the raisins only 92 to 95 per cent of the organic 
acids ingested may be oxidized. 
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SUMMARY 


Experiments with men subjects on a basal diet and on the same basal 
supplemented by Thompson seedless raisins and Calimyrna white figs are 
reported. The following results were observed when the raisins or figs were 
added to the basal ration. 

1. A ration of 105 grams of raisins in bread produced fifty to sixty per 
cent as great an increase in the pH of the urine as did 300 grams of raisins. 
The increase produced by the 105 grams ranged from 0.45 to 0.60 pH units. 
Three hundred grams of figs produced an increase in the pH of the urine 
ranging from 0.9 to 1.1 pH units. This change was slightly greater than 
that produced by an equal weight of raisins. 

2. A decrease in the ammonia excreted with a corresponding decrease in 
the total acidity was noted. The 300 grams of figs produced a greater de- 
crease than 105 grams of raisins and also a slightly greater decrease than 
an equal weight (300 grams) of raisins. 

3. There was an increase of the alkaline reserve, calculated according to 
the method of Fitz and Van Slyke (2), above the normal for each subject 
the greater increase being produced by the figs. 

4. A correlation between the alkalinity of the ash and the physiological 
reaction was apparent. A more basic body reaction was associated with 
higher alkalinity of the ash. 

5. The organic acids from 105 grams of raisins daily were completely 
oxidized by the body, whereas those from 300 grams were only 92.8 per 
cent oxidized. However, the organic acids from 300 grams of figs were 
oxidized to the extent of 97.5 per cent. 

The writer wishes to express his appreciation of the interest and advice 
of Dr. W. V. Cruess, upon whose suggestion this study was initiated. The 
full cooperation of the men taking a part in the diets is gratefully ac- 
knowledged. 
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GRAHAM LUSK 
A BRIEF REVIEW OF HIS WORK 


rs the first time THE JOURNAL OF NutTRITION is obliged to report the 
death of one of its editorial staff. Professor Graham Lusk, who has 
been a member of the executive committee from the beginning and whose 
counsel has been sought since the Journal was first projected, died in New 
York City July 18, 1932. As a mark of the deep respect and high honor 
in which his memory is held, the editorial board and publisher place on 
record the following review of his life and work. 

Graham Lusk was born in Bridgeport, Connecticut, February 15, 1866. 
His father was Dr. William Thompson Lusk, the distinguished obstetrician 
and author; his mother was Mary Hartwell Chittenden. He married in 
1899 May W. Tiffany, daughter of the celebrated designer and manufac- 
turer of art glass. Mrs. Lusk and the three children, William T., Louise 
(Mrs. Collier Platt), and Louis T., survive him. 

His father desired that Graham should be a physician, but realizing that 
his impaired hearing would be a serious handicap, he advised that the next 
greatest service he could render to medicine would be as a physiological 
chemist. The father had been a physiologist for a time and he appreciated 
the important contributions chemistry was bound to play in the elucida- 
tion of the life processes. Accordingly, the boy was sent to the Columbia 
School of Mines for his foundational training in chemistry, where he was 
graduated in 1887. He then went to Germany for advanced education in 
physiology. Under Ludwig at Leipsic he learned the physical side of 
physiology and under Carl Voit at Munich the chemical side. Voit made 
by far the greater impression upon him and after receiving his Ph.D. at 
Munich in 1891 he returned full of enthusiasm for the views of the Munich 
school which just then were beginning to be known in America. Indeeed it 
may truthfully be said that Lusk became the apostle to the Americans of 
the Voit-Rubner doctrines in nutrition. 

Lusk’s first academic position was that of instructor in physiology at 
Yale Medical School. He became assistant professor in 1892 and professor 
in 1895. Three years later he was called to the professorship of physiology 
at the recently reorganized University and Bellevue Hospital Medical 
College in New York City in which his father had been professor of obstet- 
rics, a position which he held until 1909, when he was called to Cornell’ 
University Medical College to the chair made vacant by the retirement of 
Austin Flint. Professor Lusk had retired from this chair only a few weeks 
prior to his death. 
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For his dissertation at Munich Dr. Lusk published a paper on the in- 
fluence of carbohydrate on the catabolism of protein, himself being the 
subject, which showed that the withdrawal of carbohydrate from the diet 
caused a larger destruction of protein in the body. From the Yale labora- 
tory he published two papers on phlorhizin diabetes in the dog which be- 
came important reference points for this subject for the next 25 years. The 
constancy of the ratio of dextrose to nitrogen in the urine of dogs kept 
under the influence of the drug, was established, the great increase in pro- 
tein metabolism, the absence of any influence of fat upon the ratio, and 
the fact that the dextrose from meat appears in the urine in advance 
of the nitrogen. There was also an important paper with W. H. Parker 
on the maximum production of hippuric acid in the rabbit, which showed 
that as much as 3 or 4 per cent of the protein catabolized in the body may 
be eliminated as glycine. It was suggested in this paper that glycine may 
be formed synthetically, a conception which was abundantly confirmed la- 
ter by Magnus-Levy, A. I. Ringer, H. B. Lewis and others. 

From the University and Bellevue physiological laboratory came not 
less than eight papers on phlorhizin diabetes (or glycosuria as Lusk later 
preferred to call this condition) in several of which he was assisted by 
P. G. Stiles, Arthur R. Mandel, and A. I. Ringer, and two important pa- 
pers on diabetes mellitus. One of these, published with A. R. Mandel in the 
Deutsches Archiv fiir klinische Medizin advanced the conception of a 
“fatal” D: N ratio in the human disease, identical with the maximum ratio 
obtainable in the phlorhinized dog. Other contributions of this period pub- 
lished by his pupils, but originated and inspired by Lusk were: one on the 
growth of suckling pigs fed on a skimmed milk diet by Margaret B. Wilson 
in which it was shown that growth is proportional to the total caloric in- 
take; two by A. R. Mandel on the relation of the purin (alloxuric) bases to 
aseptic fevers; two by J. R. Murlin on the nutritive value of gelatin and one 
by A. I. Ringer on the influence of adrenalin in phlorhizin diabetes. Lusk’s 
book, the “Science of Nutrition” made its first appearance in 1906. It 
undertook to interpret the early contributions of the Munich school of 
Carl Voit to American readers and to draw from more recent contributions 
by followers of that school and others the materials for a strong foundation 
of a new science. It had from the start a profound influence. This period 
of Professor Lusk’s scientific career is fittingly concluded by his Harvey 
Society lecture on Metabolism in Diabetes, appearing in the 4th volume 
of the lectures 1908-1909. Lusk was the founder of this society and its 
first president. 

The move to Cornell University Medical College, only one block distant 
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on First Avenue, in 1909 brought enlarged opportunities for prosecution of 
a program of research which had been forming in Professor Lusk’s mind 
while he was revising his “‘Science of Nutrition.”’ The second edition made 
its appearance coincidentally with this move to Cornell. During the sum- 
mer of this year, while alterations for the laboratory at Cornell were in 
progress, Lusk went to Europe in order to put the finishing touches to his 
revision, and while there, on the recommendation of his first assistant who 
was working in the nutrition laboratory of F. G. Benedict at Boston, re- 
solved upon the construction of a small respiration calorimeter of the At- 
water-Rosa-Benedict type, suitable in size for study of the energy metab- 
olism of dogs or of small children. What he desired most of all to investi- 
gate was the specific dynamic action of the amino acids. Dr. H. B. Wil- 
liams, already a member of the department of physiology at Cornell, went 
to Boston and studied the construction of the calorimeter. J. A. Riche, 
trained by long experience in Benedict’s laboratory, was engaged to oper- 
ate the new calorimeter and assisted Williams in its construction, a large 
part of the mechanical work being done by these two men. Together with 
Professor Lusk they formed a research team of unusual ability, and the 
precision with which dependable results on this difficult problem were 
turned out was the result of clear comprehension of the physiological 
factors, combined with high technical skill. Williams, however, left soon 
to accept an appointment at the College of Physicians and Surgeons, Co- 
lumbia University. 

The first work in the order of publication accomplished by the calorim- 
eter was a paper by John Howland on the energy metabolism of sleeping 
children. Lusk had very generously set aside his own program to give 
Howland this opportunity, which had much to do with making him pro- 
fessor of pediatrics at Washington University and, a year later, at Hop- 
kins. This work at the same time demonstrated the remarkable efficiency 
of the calorimeter which Williams had built. 

The first paper on the specific dynamic action of meat protein by Wil- 
liams, Riche, and Lusk portrayed for the first time the hourly course of 
this phenomenon, particularly the high metabolism within the first few 
hours after ingestion (not at all disclosed by Rubner’s work), critically ex- 
amined the basis of calculation for the s.d.a., accounted for some discrep- 
ancies between the heat as measured and the heat calculated, and proved 
the retention of glycogen formed from the excess protein. He believed at 
this time that the cause of the dynamic effect was the stimulating action of 
amino acids on the protoplasm, causing more rapid oxidation. The first 
papers on the effect of carbohydrate also revealed a much higher dynamic 
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action in the early hours following ingestion than had been suspected from 
the results obtained by Rubner in 24-hr. experiments, but confirmed those 
found by Magnus-Levy in man. 

The starting point of the program on specific dynamic action on the 
amino acids was Rubner’s hypothesis that the extra heat is due to the 
metabolism of those fragments of the protein molecule not convertible 
into sugar. Lusk and Ringer had found that glycine and alanine yield all 
of their carbon as sugar when fed to the completely phlorhizinized dog, 
while glutamic acid yields only 3 out of 5 carbons. According to Rubner’s 
idea glutamic acid should show the greater specific dynamic action in the 
normal dog. The opposite however proved to be the case. Glycine and 
alanine had a large effect, but glutamic acid none. He investigated the 
effect of two other amino acids, leucine and tyrosine, and found it iner- 
mediate between the two groups just mentioned. When all five were com- 
bined to produce a mixture approximately equal in nitrogen content to 
100 grams of beef, the dynamic action was found to be greater than that of 
the meat because of the more rapid absorption. He argued strongly for the 
conception of mass action of the amino acids on the protoplasm, as op- 
posed to the view of Rubner. When Miss Wishart found that there was no 
accumulation of amino acids in the tissue (muscles) after the ingestion of 
1000 grams of meat, he gave up the idea of a direct stimulating effect of the 
amino acids. What seemed to him crucial evidence against the Rubner 
conception however, were: (1) the observation of Csonka that the sugar 
formed from glycocoll and alanine are eliminated just as rapidly in the 
phlorhizinized dog as is sugar administered as such, and yet (2) while the 
sugar elimination involved no extra energy production, glycocoll in iso- 
glucogenetic quantity did so to the same extent as in the normal dog. 

These facts indicated the possibility of a stimulating action from the 
hydroxy acids formed as intermediary stages in the metabolism of the 
amino acids. Long and involved experiments were therefore undertaken to 
compare the effects of keto with aldehyde sugars, ethyl esters of the hy- 
droxy acids (ethyl lactate was the only successful one) with carbohydrate on 
the one hand and with ethyl alcohol on the other, and finally the ester 
with a combination of alcohol and sugar. The results seemed to show con- 
clusively that the lactate stimulated far more than either alcohol or dex- 
trose, and he adopted the view, held for several years, that the dynamic 
effect of amino acids is due to the stimulation produced by the hydroxy 
acids resulting from deamination. 

Later experiments, however, shattered the foundations of this view and 
once more he promptly relinquished an explanation which had meant much 
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to him. Giving glycollic acid in the amount theoretically derivable from 
glycine, produced very much less heat—in fact seemed scarcely to raise the 
rate of oxidation at all. When he was able finally to secure satisfactory 
experiments with lactic acid, the same increase in production was ob- 
tained as from an equal weight of alanine. However, when lactic acid was 
administered to the dog together with sugar, it did not produce a summa- 
tion of heat production as does an equal quantity of alanine. Lusk was 
obliged to conclude that the hydroxyacids derivable from the amino acids 
glycine and alanine do not explain the specific dynamic action of these 
substances. As a corollary to this work Miss Taistra and Chanutin inde- 
pendently proved that the alterations in CO.-combining power of the 
blood resulting from ingestion of organic acids or of protein (or amino 
acids), respectively have no effect on the heat production and therefore 
cannot be invoked as playing any part in the mechanism of the specific 
dynamic action. 

Professor Lusk now (1923) turned over experiments in his laboratory on 
the specific dynamic action of protein to Rapport, who alone and with 
Weiss, a medical research fellow from Prague, made some very interesting 
observations. They should be mentioned here because the experimental 
work was done directly under Lusk’s guidance. Rapport found that six 
different proteins, when fed in such amounts as to contain the same 
quantity of nitrogen, gave substantially the same dynamic action, not- 
withstanding that they contained very different proportions of amino 
acids. Weiss and Rapport discovered that when a protein like casein or 
gelatin was fed in rather liberal amount together with either glycine or 
alanine the dynamic effect was the same as when the protein was fed alone. 
In other words, the specific effect of the amino acid was completely can- 
celled. Meat alone given in increasing amounts caused proportional in- 
creases in heat production, just as do increasing amounts of amino acids. 
Beef and casein also summated properly. The neutralizing effect of a 
protein (gelatin) on the dynamic action of an amino acid (glycine) was 
not due to alteration of absorption. Indeed the same neutralizing effect 
was found when the amino acid was given parenterally as when fed per os. 
The increase in metabolism after giving asparagine with glycine was not 
significantly different from that after giving glycine alone, showing that 
asparagine had no power to neutralize the dynamic action of glycine. 

Two years later Plummer, Deuel and Lusk, starting from the observa- 
tion of Weiss and Rapport just mentioned, compared the specific dynamic 
action of ingested glycyl-glycine with that of glycine on the hypothesis 
that the dipeptide might be absorbed as such and exhibit a lower effect 
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because of the peptide linkage. The experiments proved conclusively that 
such is not the case. 

Also under Professor Lusk’s guidance were the experiments of Nord and 
Deuel and of Gaebler designed to test the hypothesis that the adrenals or 
the hypophysis, respectively, may be concerned in the mechanism of the 
specific dynamic action of protein. The former proved that glycine given 
intravenously as well as orally to adrenalectomized dogs exhibited a 
dynamic effect comparable to its effect in (other) normal dogs. The latter 
showed that removal of the entire pituitary gland from a dog did not alter 
the specific dynamic action of meat in the second and third hours after 
ingestion. Incidentally Gaebler found that there was no parallelism be- 
tween the concentration of amino acid nitrogen or total non-protein nitro- 
gen in the blood and the increased heat production resulting from the 
ingestion of meat. 

The last research on the specific dynamic action in which Professor Lusk 
participated directly was published in January, 1930, by W. H. Chambers 
and himself. It was an attempt to settle for glutamic acid the question 
which had been so decisively settled for glycine, with respect to the rela- 
tive amount of the dynamic effect in the diabetic as contrasted with the 
normal organism. With glycine the effect was the same in the two— 
regardless of the fact that in the diabetic all the carbon of glycine was ex- 
creted as sugar. Since glutamic had no dynamic action in the normal dog, 
although three of the five carbons are excreted as sugar in the phlorhizin- 
ized dog, it was of interest to see whether this acid would exercise any 
dynamic effect in the diabetic animal. The experiment was as clear cut 
and final as had been the earlier one with glycine. Glutamic acid produced 
no increase in heat production, whether the animal was diabetic or 
normal. Meat however in like quantity produced the same amount of extra 
heat in both conditions. 

What could explain these facts? Lusk had been obliged to abandon both 
his first and second theory regarding the dynamic action. He now read 
carefully the recent speculations of Aubel, of Meyerhof and of Adams on 
the possible explanation of these specific effects on the principles of thermo- 
chemistry and of thermodynamics. He was especially impressed by 
Adams’ analysis indicating that the reaction, glutamic acid to glucose and 
urea, should take place spontaneously without the aid of outside energy, 
while the deamination of alanine and its transformation to sugar and urea 
would require approximately 60 Cal. per mol. of outside energy. The 
specific dynamic action then would arise from the necessity which the 
organism is under of effecting this transformation. 
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In his latest reviews on the subject of specific dynamic action Lusk very 
frankly adopts the original explanation of Rubner, that the increment of 
heat results from the metabolism of the intermediary products them- 
selves. He says “‘the evidence accumulated since (1923) has tended to 
justify Rubner’s general statement.” He is referring to the thermochemical 
and thermodynamic considerations just recited. In his charming address 
on Rubner at Syracuse he says of him “Great men are very rare. They are 
worth knowing. They give impulse and stimulus to lesser men. They make 
the world more worth while for others to live in because of their presence 
in it. Max Rubner was the greatest man I ever knew.” 

The dynamic effect of carbohydrate and fat Lusk originally called the 
metabolism of plethora, or, as the writer has paraphrased this conception 
elsewhere, “oil on the fire.” More fuel burns just because there is more of 
it available. But in the latest edition of his ‘Science of Nutrition” and in 
his recent reviews he states that on the evidence of others (notably of 
Mason, Baur, Carpenter and Fox, Dann and Chambers), this view must be 
revised; for all of these authors have shown that the specific dynamic ac- 
tion of glucose after its ingestion is not proportional to the amount of 
sugar oxidized (as judged by the respiratory quotient). Again the open 
mind—no pride of opinion—only the truth. 

If Professor Lusk’s long series of experiments and writings on the specific 
dynamic action illustrate his open-mindedness, his work and writings on 
diabetes equally well illustrate his adherence to ideas which he formulated 
early in his career. His experimental work on the disturbances to carbo- 
hydrate metabolism in the animal poisoned with phlorhizin, which had con- 
tributed so much to the understanding of the human disease diabetes 
mellitus, were subordinated for several years to the studies of specific 
dynamic action. But he was not able very long to refrain from further 
studies calculated to elucidate other aspects of this subject. In the Harvey 
lecture delivered in 1908 he had summarized the state of existing knowledge 
at that time in these statements.’ “The requirement of energy for the 
maintenance of the life of a man is fixed and definite . . . The diabetic who 
cannot burn dextrose is thrown on protein and fat as sources of his poten- 
tial energy . . . But it happens unfortunately that a major portion of the 
ingested protein is convertible into sugar in the diabetic organism, and 

. . is carried away by the urine . . . To compensate for this, the protein 
metabolism increases, but fat metabolism remains the mainstay of life. . . . 
Conditions varying in severity also arise in which the end products of fat 


1 That these teachings are now so perfectly familiar is largely due to the influence of Lusk’s 
writings. 
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metabolism, such as beta oxybutyric acid, aceto-acetic acid and acetone 
do not burn, but accumulate .. . and are eliminated in the urine.’”’ The 
sugar production from protein was definite in every known form of dia- 
betes, though not necessarily the same in all. 

From v. Noorden’s clinic had come recently the idea that the endo- 
crine glands were concerned in the variability of the D: N ratio, and indeed 
that the adrenal gland overpowering the pancreas might be particeps 
criminis in the causation of diabetes in man. Falta and his associates be- 
lieved that epinephrin inhibited the internal secretion of the pancreas, 
thereby preventing oxidation of sugar and indirectly by exciting the thy- 
roid, caused increased protein metabolism and production of sugar from fat. 
Ringer, as previously noted, had proved that epinephrin administered to a 
phlorhizinized dog, rendered free of glycogen by shivering, did not cause 
any increase in protein metabolism nor any increase in sugar production 
beyond the usual D: N ratio. Therefore the effects on protein and fat metab- 
olism were disposed of. There remained the question of oxidation of sugar. 
The new calorimeter with its highly exact measurements of the respiratory 
metabolism in hourly periods afforded an opportunity of settling this ques- 
tion, and it was done in a few clean-cut experiments published in 1914. 
Epinephrin not only did not interfere with the oxidation of sugar, but be- 
cause of its hypergycaemic effect actually increased it very sharply. The 
effect on total heat production was obscured by the restlessness of the ani- 
mals. 

An experiment published in brief form in 1913, together with his pre- 
liminary report of the above work on epinephrin, gave Lusk particular 
satisfaction because it was the result of a suggestion from Prof. v. Noorden 
who was in the country in 1912 in attendance at the International Congress 
of Hygiene and Demography at Washington. v. Noorden was shown an 
experiment done with the new calorimeter proving that the dog under 
phlorhizin intoxication exhibited an increased heat production comparable 
with that of the depancreatized dog. He remarked that if the thyroid were 
extirpated the increased heat production would be lacking, and so it proved 
to be. The specific dynamic action of protein food, however, was normal, 
and the high D:N ratios found after thyroidectomy and phlorhizin treat- 
ment were explained by excessive retention of glycogen, after the gland was 
extirpated but before phlorhizin acted. Thus he found additional evidence 
to assure him that his early position regarding the non-transformation of 
fat to sugar was correct. 

The convincing evidence developed by Deuel and Milhorat in Lusk’s 
laboratory, refuting the claim of Geelmuyden that acetic acid can be 
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transformed to sugar, also gave him great satisfaction; for it proved that 
even if acetic acid were an intermediary product of fat metabolism it would 
not constitute a link in the transformation to carbohydrate, but would be 
largely oxidized in the phlorhizinized animal. A further argument against 
this transformation in the dog which seemed to him irrefutable is given in 
his discussion of the specific dynamic action in the third volume of this 
journal. Should fatty acids of our common foodstuffs be so transformed be- 
fore final combustion in the body there would result a net energy loss of 
34 per cent according to Chauveau, or 21 per cent, according to the free- 
energy calculations of Borsook and Winnegarden. The dynamic action of 
fat ought therefore to be 21 per cent greater than that of the sugar into 
which it was transformed. Again, from his work with Anderson on the 
muscular efficiency of dogs, he found that carbohydrate was 5 per cent 
more economical than fat, but taking account of a lower basal metabolism 
induced by carbohydrate, as demonstrated by Dann and Chambers in his 
laboratory, the efficiency works out exactly the same for fat and carbo- 
hydrate. In other words the two non-nitrogenous food stuffs are mutually 
replaceable in isodynamic quantities in the support of muscular work. 
This could not possibly be true if fat had to be changed to carbohydrate 
before its combustion in the muscle took place. 

Knoop once remarked to the writer that the thing he admired most in 
Graham Lusk was “the courage with which he stood up for his scientific 
beliefs.’”’ He never wavered on this subject of the transformation of fat to 
carbohydrate in the mammalian body after his original observation pub- 
lished with Reilly and Nolan in 1898 that fat does not increase the D: N 
ratio. He did concede to the writerin private conversation only a month 
before his death that it seems to be true in germinating oleaginous seeds. 

A word is in order at this point concerning the writer’s work on pancreat- 
ic diabetes which was in progress in Lusk’s laboratory more or less con- 
tinuously from 1912 to 1916. We were in search of the pancreatic hormone 
but failed of a consistent demonstration of its presence at this time. Pro- 
fessor Lusk was in no wise to blame for this failure. He approved the under- 
taking but was skeptical of any success for the treatment of diabetes along 
that line. Consequently he took very little interest in the experiments. 

Meantime (1912) Lusk had secured the grant of money from the Russell 
Sage Institute of Pathology which made possible the construction of the 
calorimeter in Bellevue Hospital for the study of energy metabolfsm in 
disease. He selected E. F. DuBois as medical director and himself became 
scientific director of the program of studies. DuBois and Lusk worked 
harmoniously and enthusiastically together for twenty years. The results, 
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published in the long series of papers under the general title of Clinical 
Calorimetry, are too well known to require detailed review at this time. 
Only those parts of the program known to the present writer to have been 
of particular interest to “The Professor,”’ as he was always affectionately 
called by the Sage group of workers, will be discussed here. Lusk himself 
wrote the first paper of the series setting forth the story of calorimetry to 
that time and describing the general principles of the Atwater-Rosa-Bene- 
dict type of calorimeter which was decided upon for their purposes. The 
second was a detailed description of its construction by Riche and Soder- 
strom who designed and built the calorimeter, the third and fourth con- 
tained descriptions of the metabolism ward in the hospital and of the first 
experiments on basal metabolism of the normal human subject done with 
the calorimeter, by Gephart and DuBois. 

The fifth was the very significant paper by Delafield DuBois and E. F. 
DuBois on measurement of the surface area of man. In this enterprise 
Professor Lusk was extremely interested, for he believed in Rubner’s law 
as in one of the eternal verities. In fact in the last public lecture which 
Professor Lusk gave (Syracuse, June 22, 1932) he spoke on the life and 
work of his friend Rubner who had died only two months before, and 
praised with particular emphasis Rubner’s recent reiteration of his views 
on that subject. When the DuBoises hit upon the ingenious paper-mould 
method of measuring the surface and found the normal basal metabolism 
to be even more closely correlated with it than with surface as given by the 
old formula of Meeh, Professor Lusk’s gratification was unbounded. There 
is no subject known to the writer in which he exhibited such intense—one 
might almost say passionate—interest. The broad truth of this law was 
too beautiful to be marred by slight exceptions here and there. 

The sixth and seventh papers of the series were on typhoid fever by 
Coleman and DuBois. Then came a very clarifying paper by the professor 
upon the diabetic respiratory quotient. It discusses the manner in which 
the different components of the energy metabolism are related to each 
other, and how the diabetic condition affects this relationship. 

All these papers appeared simultaneously in May 1915 and represented 
the first three years’ results with the new resources. Simultaneously the 
papers on animal calorimetry in the medical school and clinical calorimetry 
in the hospital continued to flow from the two sides of First Avenue, for 
nearly twenty years. It is safe to say that together they constitute one of 
the most important assemblages of scientific results ever achieved under 
unified direction, in the related fields of physiology and internal medicine. 

There are in the clinical calorimetry group seven other papers dealing 
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with the measurement of surface area and the basal metabolism of normal 
subjects of different ages by this standard. The DuBois formula and 
standards for different ages are now known and used the world over. It is 
certain that Lusk’s critical eye scanned all these papers before publication. 
There are several also in which the specific dynamic action of foods was 
measured on human subjects, both normal and in diseased conditions, such 
as exophthalmic goitre, tuberculosis and diabetes, in dwarfs and a legless 
man, in all of which the professor was consulted daily, almost hourly. Sev- 
eral important papers have to do with the best experimental conditions 
for obtaining trustworthy results in which Lusk joined as author; a few 
others concerned with diabetes he helped write. But from about the 25th 
paper on his name no longer appears as author. He was now only consultant 
and sponsor. The papers continued to cover a broad range of subjects in 
the endeavor to bring scientific methods to bear upon the study of disease. 
The majority of the papers, not only in the calorimetry series, but those 
not involving the use of the calorimeter, are either directly concerned with 
the diseased subject or are directed toward the clarification of the path- 
ological physiology encountered in disease. Here was the application of 
the German methods, for which Lusk had long contended; and when these 
methods became actually available for his own direction, jointly with men 
of clinical training, he was supremely happy. 

This review of Lusk’s work is by no means complete. Only the subjects 
in which he was most intensely interested have been mentioned. There 
were numerous other papers on medical education, on historical topics and 
characters, on subjects relating to nutrition in the war and many others 
which cannot be reviewed at this time. 

Many honors came to Lusk in recognition of his high purposes and ac- 
complishments in science. He was made Doctor of Science by Yale Uni- 
versity, Doctor of Laws by the University of Glasgow, Fellow of the 
Royal Society of Edinburgh, Foreign member of the Royal Society of 
London, and member of the National Academy of Sciences. He served on 
important committees and boards during the war; for example, the advi- 
sory board of the Division of Food and Nutrition, Medical Department, 
U.S. Army, and the Interallied Scientific Food Commission. On the 
latter he, with Professor Chittenden, represented America and together 
they made a journey to England, France, and Italy in the most trying 
period of the war. 

This paper should not close without a word concerning Professor Lusk’s 
personal qualities. Others more competent and even closer to him than the 
writer recently have written beautifully and truthfully concerning his 
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character. At the summer meeting of the American Association for the 
Advancement of Science in June, it was the writer’s privilege to introduce 
him as one of the evening lecturers. The following words occurred in the 
introduction. ‘For fourteen years your chairman was associated with the 
speaker as pupil, assistant, and colleague and he now states from the 
heart that he has never known a man who combined in so happy a way the 
solid merits of the scientist with all that is finest of courtesy, kindness, and 
culture in a true American gentleman.” 


J.R.M. 





